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4 This report presents the results of a study conducted by ARINC Research g

& Corporation to develop acquisition, installation, and life-cycle costs for é
¥ ground and airborne equipments of the Microwave Landing System (MLS). The g
& study was conducted for the Federal Aviation Administration (FAA) Systems §
: Research and Development Service (SRDS) and Office of Systems Engineering 4
i Management (OSEM) under Contract DOT-FA76WA-3788. §
i 3
¥ Costs were developed fo. four ground MLS configurations and three air- §

%

9 borne MLS configurations. The four ground configurations and their charac-

E teristics are shown in Table S-1. All costs were based on existing prototype
E designs; minor modifications were made to the designs where appropriate to

g incorporate state-of-cthe-art technology. Acquisition costs and equipment

g .tean time between failures (MTBF) were developed through the use of a
parametric pricing model that used input data developed by ARINC Research
cnrough detailed analysis of the prototype equipments. ARINC Research
developed equipment installation costs and derived life-cycle costs (LCCs)

of the ground and airborne equipment with the use of ARINC Research-developed
economic analysis models.

Lovopd

it TR ety s ot W LA PR B

Tables S-2 through S-4 summarize the cost analysis for the MLS ground
equipment. Table S-2 presents the unit costs for the MLS ground configura-
ticn in constant 1980 dollars, with a production rate variability. Table .
S-3 presents the life-cycle costs by MLS configuration and total system
implementation for a 25-year life cycle. The costs in Table $S-3 are depen- R
dent on the implementation and maintenance scenario seiected. We used 2
implementation strategy 9 from the FAA's Draft Precision Approach System
. Transition Plan of 7 June 1979. Under this strategy, the system con-
figurations listed in Table S~3 were acquired and deployed. The number
of back azimuth systems deployed was an assumption of the LCC study. The
maintenance scenario chosen for the study was the 80's maintenance concept,
which used centralized maintenance hubs and remote maintenance monitors.
Table S-4 presents the LCC study results in discounted 1980 dollars.
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3 A sensitivity analysis was also performed to determine the sensitivity
7 of the ground system LCC to the following:

L * vVariations in system MTBF data

+« Shelters versus weatherproof enclosures for Basic I MLS sites




aansoyoua

11 O1seq se

swes uxeritnba 390 [TV

I
Drseg SP owes seuuaue
UOTIPA3[D pUP YINWMIZY

JG UOIS1I31g

auawriinba buranseaw
-35UeISIP TPTOIEmOD

s123134s s13372U4s S13312Ys jooxdrayjeam purbexoed
Tuu QZ - Sbuey
reu oz - abuey «G1 031 T - UOTICAD[D .
1euor3ixodoad
oST O3 L1 - UOTIPAITS
1euvorarxodoad 2O - InwIZP 03035
*
oCb+ - yanuyze 20T+ - yinwyze
Teuotriyzodoad Teuor3lzodozg
«09+ o1 o
- yinwize yjeuorizodoid -~ Yaipieweaq UOTICAITS - YIpTMureaq uoTIeASTI
o1 -~ YIPTAW®3aq YInwize Y4 o€ so13ISTIIIDRIRYD
adaoxa ‘11 oyseq se awes 1 oIsvg se duwes - Yapregeag YINWIZY - Y3IPTAweaq YInwrzy walsis
(suotjzerTeasur
Jo juadzad
YVJ3 wo1j 3wl Teng (suoljeyeisur 01 3I® parteasur)
3o uadaed yanmize JuUOI3 se
1 .01Seg ST 2wes Wy 07 3° PArreraIsuy) awes yanwize xoeg B
yinmize 3uolj se
awes yInmIzZe Yyovg (3w e3ea

¥VJ woaj uayel 3O
posmssy 99 O S350D

vuualue yInmrre

s{ox3u0d 1erg
SOTLOIIDAITI UOTIBAITS 1eng

» SOTUCIDAT2 Yanwize (enQ

353 Tucm
asuruajuten 2j30uay

1013700
PUUIIUC UOTIPAI(I

SOTUOZ13ATA UOTIPAATT
PUUIUY YINWTZV

SOTUNIIDITA YInuizy

(W) 103TUCT
asuculjuren 30wy

$7013U0d
PLUIIUE UOTIPADTI

SOTUOIIDAIT3 uoTICPART]

euu2Ive YyInarzy

SO1UMNIIDATY YInwrzy

poUTW™IIN]
ag ol sasceD juamitnba

1

papuedxy 11 2tseq I orsed SIHOS
Irx 11 1 SUO1IeID2PTSUAD
satzobaye) A1tifajur pue Aar1iqeriay Aq suctieanbrjuod
XQALS ONIMNG GTYIATSHOD SNOILVHOOT ANCD INIWAINDT “7-S @I19®L

vi



o
<

o .

Table S$-2. MNLS UNIT COSTS WITH PRODUCTION RATE VARIABILITY OVER A THREE-YEAR PFODJUCTION RUN
(AILLIONS OF CUNSTANT 1980 DOLLARS)
Production guantities and Costsx
7 .
System Typs 5 3ystems 110 Systems 145 Systems 180 Systems
Systenms Unit Systems Unit Systems Unit Systems unit
Produced Cost Produced Cost Produced Cost Produced Cost
SCMLS 75 203,300 110 194,400 145 188,800 180 184,900
Basic 1 55 410,400 81 384,800 105 372,100 132 361,80C
Basic II 13 602,900 1 568,400 25 550,300 31 535,800
Expanded ? 700,000 10 648,200 14 616,400 17 593,700

¢ variations in small community MLS (SCMLS) azimuth beamwidths and
coverages

* Implementation strategies
* Production schedules for MLS equipment

The LCC was determined to be relatively insensitive to changes in MTBF.

This was expected, because under the centralized maintenance scenario
maintenance costs are not a domipating cost driver in the LCC. The limited
evaluation of shelters versus weatherproof enclosures determined that acqui-
sition costs could be reduced by approximately 10 percent, installation
costs by 13 percent, and total life-cycle costs by ll percent 1f weather-
proof enclosures are used instead of shelters. The reduction in LCC is
based in part on the assumption that shelters have an MTBF of 15 years.

In evaluating the SCMLS azimuth configuration, we conciuded that a
change in beamwidth from 3° to 2° would result in an increase in the LCC of
approximately 3 percent. A change in coverage from 10° to 40° would increase
the LCC by 2.5 percent, and a 2° beamwidth, 40° coverage configuration would
increase the LCC by approximately 15 percent. These results are valid only
for the configuration evaluated.

We evaluated various implementation strategies during the sensitivity
analysis and found that a faster implementation rate would result in an
increase in recurring costs, because these costs are time~ and MTBF-depen-
dent. With constant dollars there would be no change in acquisition,
installation, or nonrecurring costs. Implementation of a single system
would show a reduction in nonrecurring costs, because a smaller amount of
iritial spares and data would be required.

An evaluation of production capacity showed that if two manufacturers
produced approximately 25 systems per year instead of one manufacturer pro-
ducing approximately 50 systems per year, the total LCC would increase by
approximately 27 percent. Production capacity was evaluated for the SCMLS
configuration only. The results showed that with two manufacturers, 8
percent would be added to the ICC acquisition cost, 100 percent to the LCC
nonrecurring logistics costs, and 54 percent to the recurring legistics
costs. These results are valid only for the assumptions governing them.
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Acquisition costs and expected quantities of equipment for the airborne
MLS system are shown in Tables S-5 through S-7. The values indicate the
probable selling price of the avicnics to prospective users. Appropriate
markups for distribution have been included on the basis of known or expected
practices of the avionics manufacturers. All costs are based on constant
1980 dollars. Tables S-8, S-9, and S-10 present the LCC of the MLS avionics
over a period of 21 years by user community for both new and retrofit instal-
lations for the equipments shown in Tables S-5 through S-7. The unit acquisi-
tion cost shown in Table S-10 for low-performance general aviation aircraft
is different from the acquisition cost illustrated in Table S-~7, because the
ICC allows for the normal distributor discount if the distributor installs
the avionics in the aircraft.

Table S-11 shows the life-cycle costs for the entire aviation community
in constant 1980 dollars. Tanle S-12 presents the results of Table S-11 in
discounted 1980 dollars. The individual aircraft owner costs are likely to
be of the most interes: tc the general aviation community, while the air
carrier community ~iil trobsbly be more concerned with the cumulative costs
of system implementation.

Table S-5. AIR CARRIER AVIONICS COST PER MLS INSTALLATION,
BASED ON 500 UNITS PER YEAR (1980 DOLLARS)
. . Cost Total System
E

quipment Quantity per Unit Cost

MLS Receiver-Processor 2 8,880 17,760
MLS Contrcl Panel 2 1.026 2,052
MLS Auxiliary Data Display 1 2,539 2,539
C-Band Antenna 2 150 300
Precision DME L 11,385 11,385
Computer Interface 1 1,500 1,500
Total 35,536
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Table S-6. HIGH~PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BALED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

i el T e A I S e R RN RS ST T S LA

. Cost Total System
Equipment Quantity per Unit Cost

MLS Receiver-Processor 1l 7,219 7,219
MLS Control Panel 1 923 923
C-'8and Antenna 1 195 195
L-Band antenna 1 117 117
Conventional DME 1 5,850 5,850
CDI Display 1 916 916

Total 15,220

Table S-7. LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

. . Cost Total System
Equipment Quantity per Unit Cost
MLS Receiver-Processor 1 1,648 1,648
C-Band Antenna 346 346
CDI Display 1 600 600
Total 2,594
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Table S-8. COST OF OWNERSHIP FOR COMMERCIAL
AVIATION AIRCRAFT (1989 TO 2009)

Costs (Constant 1980 Dollars)
Cost Category Retrofit
Installatio etrofi
New Installa n Installation
Acquisition 35,536 35,536
Installation 6,940 11,360
Nonrecurring Logistic 10,032 10,032
Recurring Logistic 1,469 1,469
(First Year)
First Year of 53,977 58,597
Ownership
Life-Cycle Cost 63,357 87,977

Table S-9. COST OF OWNERSHIP FOR HIGH-
PERFORMANCE GENERAL AVIATION
AIRCRATT (19892 TO 2009)
Costs (Constant 1980 Dollars)
Cost Catego
i e N Installation Retrofit
ew Installation
Acquisition 15,220 15,220
Installation 5,860 9,77C
Recurring Logistic 135 135
(First Year)
First Year of 21,215 25,125
Ownership
Life~Cycle Cost 23,915 27,825
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Table S-10.

COST OF OWNERSHIP FOR LOW-
PERFORMANCE GENERAL AVIATION
AIRCRAFT (1939 TO 2009)

Costs (Constant 1980 Dollars)
Cost Category . Petrofit
New Installation Installation
Acquisgition* 2,075 2,075
Installation 1°3 325
Recurring Logistic 10 10
(First Year)
First Year of 2,280 2,410
Ownership
Life-Cycle Cost 2,460 2,590

installation.

*Cost is discounted to allow for distributor

Table S-11. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
CONSTANT 1980 DOLLARS (1989 TO 2009)
Cost by Aircraft Avionics Cateyory
Cost Low-Performance | High-Performance . Total
Category General General Commexcial
T A Aviationt
Aviation* Aviationt**
Acguisition 266.476 501.132 185.320 952.928
Installation 26.405 233.996 49.128 309.529
Nonrecurring 9.384 27.980 42.254 79.618
Logistic
Recurring 12.371 45.905 119.388 177.664
Logistic
Total 314.636 809.013 396.090 1,519.739
#117,900 new installations; 10,500 retrofit installations.
*%22,425 new installations; 10,500 retrofit installations.
+2,415 new .nstallations; 2,800 retrofit installations.
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Table S-12.

CUMULATIVE LIFE~CYCLE COSTS FOR AIRBORNE MLS IN

MILLIONS OF DISCOUNTED 1980 DOLLARS (1989 TO 2009)

Cost by Aircraft Avionics Category

Cost . .
Category iow-Performance | High~Performance Commercial Total

General General Aviation
Aviation Aviation

Acquisition 44.354 86.775 51.023 182.152

Installation 4.430 41.297 15.186 60.913

Nonrecurring 1.701 4.916 12.680 19.297

Logistic

Recurring 1.521 5.774 19.408 26.703

Logistic

Total 52.006 138.762 98.297 289.065
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

For the past 10 years, the Federal Aviation Administration (FAA) has
been engaged in the development of the Microwave Landing System (MLS) as a
replacement for the Instrument Landing System (ILS) currently deployed at
more than 500 airports. The ILS has done an excelleni job of meeting
precision landing requirements for the National Airspace System during the
past 35 years, but it has some inherent limitations that are expected to
become increasingly serious in the near future. Inadequate channel capacity,
the inflexibility of the approach path that aircraft must follow, and the
impact that terrain and weather have on the effectiveness of the system,
among other considerations, limit the potential growth of the ILS. The MLS
program either eliminates or alleviates all of these problems.

Early introduction of the MLS is desirable so that precision-approach
capability may be provided at airports not suitable for ILS operation.
Many of these airports serve the growing commuter and general aviation pop-~
ulation and must improve their instrument capability to ensure the safety
of the aviation community. Since travel patterns indicate that aircraft
using the smaller community airports often also land at major commercial
airports, a compatible MLS must be provided at the large airports.

The basic MLS has been designed to meet the requirements of both com-
mercial and general aviation aircraft. Introduction of the MLS at major air-
ports will provide precision approach to all users while allowing the
phased replacement of the ILS with the MLS.

The FAA plans to install approximately 1,200 MLSs nationwide between
1985 and 2005. MLSs will eventually replace existing ILSs to provide an
improved, cost~effective precision~approach capability. The MLS has reached
the preproduction prototype stage; consequently, satisfactory technical
information is now available to permit a detailed cost analysis of the
expected life-cycle cost (LCC) of the MLS, including design, manufacture,
and implementatiocn.

The Systems Research and Development Service (SRDS), in conjunction
with the Office of Systems Engineering Management (OSEM) of the FAA, tasked
ARINC Research Corporation, under Contract DOT-FA76WA-3788, to develop the

&

3

M ety Arpaan LN

ar e

e

o suts

Ao

-

~, - sad FaEte
spadln st b

g RIS

o ;"Zw:l‘!\?“w‘” .p@:

R

A
L

i 502 FRERY
LR 4 5

N

i TR

5 3
S N LY R

o A Rt v
AT

ok N [P,
ob s Nty £

a A 2 e
PP T I8 e i DTt RE

e 25
i t—*‘.‘-‘

ar oy § Y
e

3
Gia




life-cycle costs for a family of MLS ground and airborne equipment in accord-
ance with the November 1980 Program Plan for a Life-Cycle-Cost Study of the
Microwave Landing System.

1.2 CONTRACT OBJECTIVES

The primary objective of the contract effort was to develop and evaluate
detailed cost data on MLS ground and airborne equipments. The equipments
costed were based on existing prototype designs updated to 1980 technology.
The study addressed costs associated with the acquisition, installation,
operation, and support of the proposed equipments. Ground equipments were
combined to establish the total cost of ownership to the FAA, and airborne
equipments were combined to establish the total cost of ownership to both
the individual operator and the entire aviation community. Separate cost
data were developed for four classes of ground equipment and three classes
of airborne equipment.

1.3 PROJECT OVERVIEW

Over the past decade, the FAA has conducted a series of studies involv-
ing prototype MLSs. Those studies have shown that the MLS provides a number
of operational and cost benefits to the user community. The purpose of the
study by ARINC Research was to analyze the LCC of the MLS. The analysis
took into account the current electronic state of the art as applied to the
MLS.

This study was designed to meet the following objectives:

* On the basis of the prototype MLS, define an updated production
version of the MLS, taking into account such components as micro-
processors and large-scale inteqrated circuits.

* Develop an implementation schedule for the MLS and a concomitant
production schedule.

* Develop and exercise an LCC model that, when integrated with
implementation and production schedules, will yield the total
national LCC.

The LCC developed under this program was limited to the cost of implementing
the MLS without regard for how costs may be reduced because of existing ILS
installations, cables, power availability, and rocads. The cost benefits of
the MLS were reported in An Analysis of the Requirements for, and the Benefits
and Costs of, the National Microwave Landing System (MLS), FAA Report EM=-8(0-7
of June 1980. ILS terms such as Category I, II, and III used in thid report
describe the reliability and integrity of a system rather than an operational
characteristic. The MLS has been designed to provide sufficient accuracy to
permit automatic landings at any MLS site. Categories of landing minimums

at any MLS site will be determined by factors other than accuracy.



Since the implementation strategy used in the LCC study directly affects
overall costs, the economic analysis model (EAM) used for the study was
designed with adequate flexibility to allow evaluation of different implemen-

tation strategies. In addition, the EAM was exercised to determine cost
sensitivity to the following variants:

¢ Production schedules

Reliability improvements

Shelters veksus weatherproof enclosures for nonredundant Basic
MLS sites

Different degrees of azimuth coverage

Different azimuth beamwidths

ARINC Research Corporation developed the costs for four MLS ground
systems and three MLS airborne systems. The tnatal ground system LCC was
calculated by use of a modification to the Facility Maintenance Cost Model
developed by ARINC Research under Contract DOT-TSC-1173. The total airborne
gystem LCC was calculated by use of the EAM developed under Task 1l of this
contract for the airborne Discrete Address Beacon System (DABS). This
report presents the results of the cost analysis in 1980 dollars, consistent
with the technology and available data from which the estimates were made.

1.4 ORGANIZATION OF REPORT

This report addresses the MLS ground and airborne configurations and
the techniques used for estimating the unit and life-cycle costs of the
designs, and presents the results of the analysis.

Chapter Two describes the overall approach used to develop the economic
evaluations and the modeling method used to obtain the desired unit and life-
cycsee costs. Chapter Three describes the development of the cost data for
the various MLS ground configurations evaluated. Chapter Four addresses the

commen parameters used in the ground LCC model, including installation costs,
implementation strategy, and maintenance scenario.

Chapter Five describkes the results of the MLS ground configuration LCC
study, and Chapter Six presents a sensitivity analysis of them. Chapter
Seven describes the development of the cost data for the various MLS avionics
configurations. Chapter Eight addresses the installation costs, implementa-
tion scenarios, and maintenance scenarios used in the MLS airborne portion of
the LCC study, and Chapter Nine presents the results of the airborne LCC

analysis. Finally, Chapter Ten summarizes the results of the analysis and
presents conclusions.

Nine appendixes appear at the end of this report. Appendix A contains
Jetailed cost sheets associated with the MLS ground configurations, Appendix
B describes the development of the ground installation costs, and Appendix C
presents detailed life-cycle-cost results for the ground equipment analysis.

Appendix D describes the ground LCC model, Appendix E presents the ground LCC
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model, and Appendix F addresses the common parameters used in the ground LCC v
model. Appendix G describes the airborne LCC model, Appendix H presents the ‘
airtorne 1CC model, and Appendix I addresses the common parameters used in
the airborne LCC model. - i
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CHAPTER TWO

APPROACH

The costs of the various ground and airborne MLS configurations were
developed in a similar manner. while acquisition, installation, and logistic
support costs are unique to each configuration, they may be integrated with
implementation scenarios through economic analysis models to give the total
life-cycle cost of the deployed systems.

N S SRS RSN v e e R

e

Development of detailed and accurate cost analyses of equipments that

currently exist only in prototype form can pose a number of formidable
problems, including the following:

ol

[
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Conversion of engineering requirements to the production configura-
tion of equipment. The system concepts are in various stages of
evaluation and employ existing levels of technology. Evaluation
criteria used must take these limitations into account to ensure
that the study evaluates production-quality equipments.

TR S R N R ZR T T S (PR TL E A

Anticipation of the needs of new equipment. The costs of any new
equipment are controlled by the demand for the product. Estimates
of production quantities for cost-effective manufacturing are

dependent on expected implementation schedules. The ground system
implementation schedules were governed by the draft MLS transition

plan; the airborne implementation schedules were dependent on the
forecast aviation community.

Development of the necessary additional data required for a compre- . 13
hensives cost analysis. Developmert of data (such as labor hour °
costs) that apply equally to any MLS ground system, while of the

lowest criticality in a cost analysis, ic extremely important to

the accura‘e development of total implementation cost.

7 BT T et Aen eSS A

Figure 2-1 illustrates the general approach followed by ARINC Research

Corporation in resolving these problems and obtaining the economic evalua- :
tion of the MLS configurations.

Existing ARINC Research EAMs were adapted to evaluate the MLS implemen- ¥
tation scenarios. Parallel data-collection efforts were initiated to obtain )
the common and system-peculiar input data needed to exercise the models.
Common data, such as maintenance scenarios, were developed or obtained from
existing FAA documents. %he models were also exercised for variations of
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Figure 2-1. MLS ECONOMIC ANALYSIS APPROACH

key parameters so that the sensitivity of the results obtained from the in-
put data and the assumptions employed in the analysis could be investigated.
The outputs of each model exercise were the resultant acquisition, installa-
tion, support, and total costs, by MLS configuration and for the total user
community, for each year and cumulatively for the 25 years from 1985 through

2009.

The remainder of this chapter presents details on how thnese problems
were approached.

2.1 SYSTEM CONCEPT

The MLS was designed as an evolutionary replacement for the ILS. It
employs ground-transmitted, time-referenced scanning beam angle information,
which is decoded by an airborne receiver-processor to achieve position
information. Ground and airborne distance~measuring equipment (DME) provide
range information. Position and range information may be processed in an
airborne computer and fed to an autopilot to allow automatic curved or
segmented approaches.

2.2 ACQUISITION COST

Acquisition g¢ost is the cost associated with the actual purchase of
the equipment evaluated. Unit acquisition costs of both ground and airborne
MLS equipments were calculated using the parametric method of pricing. which
estimates costs on the basis of various physical and economic decriptors

of the equipment being evaluated.
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The model chosen for the parametric method of pricing, the RCA Pro-
grammed Review of Information for Costing and Evaluation (PRICE), requires
a set of parametric data inputs that properly defines the module, or system,
o be priced. The model was chosen because of its wide acceptance by the
federal Government as a computer~-based pricing model. Of the many input
parameters required, the most critical cost-driving ones are the weight,
volume, and structural-electronic division; manufacturing complexities;
and markups for overhead, general and administrative (G&A) costs, and
profit. Since manufacturing complexities vary among manufacturers in dif-
ferent fields (e.g., avionics for ARINC class or general av:ation class
equipments), a detailed characterization was necessary for =sach type f
manufacturer expected to produce MLS ground or airborne equipment.

ARINC Research has studied the manufacturing complexities of several
key manufacturers of electronics by thoroughly reviewing existing systems,
collecting data at various manufacturing plants, and frequently exercising
the PRICE iuiodel to establish the typical values for manufacturing complexi-
ties. The developed complexity factors have been compiled and are stored
in ARINC Research data files. They were used as a baseline in estimating
the cost of the MLS equipments considered in this study. Complexity factors
for actual subassemblies were dependent on the physical inspection of each
subasgsembly.

2.2.1 The PRICE Model

PRICE is a computerized parametric cost-modeling technique developed
by RCA. It estimates development and production costs on the basis of
physical and economic descriptors of the system under evaluation and com-~
pares new requirements with industrywide data bases on analogous systems.
PRICE efficiently stores, retrieves, and uses this historical information,
allowing the classification of new designs by relating them to past similar
design efforts. The method provides the means of reducing great quantities
of empirical data to a relatively small number of principal variables that
can be adjusted to match the economic and technological characteristics of
the specific system.

2.2.2 Model Input Data

The PRICE model requires up to 40 parametric data inputs describing
the physical and economic characteristics of the system or subassembly
under evaluation. When operated in the subasserbly mode, the model requires
similar inputs for all subassemblies and provides the means for final test
and integration of the system.

The physical Jescriptors required inciude such key features as weight
of the structure and its electronics, packaging densities, volumes, gquan-
tities to be produced, manufacturing complexities, and the degree of new
design. Since the model 1is structured to provide a cost per pound on the
basis of densities and complexities, it is essential that the probable
weight and volume of the subassembly being evaluated is accurately
determined.
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To obtain these descriptors, we reviewed the existing technical descrip-
tions of the prototype ground systems bhuilt by Bendix Communications Division
of Towson, Maryland, and Hazeltine Corporation of Huntington, New York. We
measured and waiched the subassemblies and MLS yround equipment at Washington
ilational Airport (Basic); NASA Wallops Islsard, Virginia {wide azimuth, i
COMPACT™ elevation); and the Hazeltine factory at Huntington, New York i
(small community MLS). The same analysis was conducted for the airborne i
equipment at CALSPAN, Buffalo, New York (NASA Ames low-cost receiver); and
FAA Technical Center, Atlantic City, New Jersey (Bendix receiver-processor).

1 ]
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The economic descriptors required include such features as year of pro-
duction, escalation rates, engineering schedules, production schedules, and
management activities required during development and production. Schedules
ware carefully selected, because the final costs developed by the model are
affacted by the complexity of a product and the time allowed for its devel-
opment and production. An 18-month development cycle and a 3-year produc-
tion run were useé for the ground equipment. The development cycle for the
airborne egquipment was 12 months, and the production run was 3 years.

Since the study was performed in constanc 1980 dollars, the escalation rates
were set to zero. Production quantities were treated as a variable. Other
costs, such as those for management, tooling, and test equipment, were
normalized to the RCA data bank and altered through sensitivity analyses

and adaptation to specific manufacturers.
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Table 2-1 lists the key input parameters in the format used throughout
the study and defines abbreviations and acronyms to provide an insight into
the parametric data employed by the model. '

2.2.3 Model OQutput Data .o

The RCA PRICE model performs a series of evaluations based on the in-
put parametric data and provides costs as a function of the elements
associated with engineering and manufacturing for both development and
production of a system or subassembly. Engineering costs include the cost
of drafting, design, system management, project management, and data docu- ,
mentation required during system development and production. These costs | 7
are presented for the entire production quantity for the development cnd o
production period on the basis of the data input parameter set; they in- :
clude the effect of learning. Manufacturing is concerned primarily with 3
the production of a system, but also includes costs for prototype develop- N
ment and special tools or test squip~-nt that might be required during
development. As is the case with engineering costs, output costs are for
the entire production quantity with no escalation.
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During execation of the program, the model frequently compares schedules,
packaging densities, and other key input parameters with historical data in
the RCA data banks. Abnormal inputs, such as development periods that are
too short, are flagged and brought to the attention of the operator.

The header of the output data sheet contains all the information used
as the parametric input to the model. The output data sheet also provides
the ke¢y parameters used in deriving the costs so that the results may he
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Table 2-1. XEY PRICE PHYSICAL AND ECONOMIC DESCRIPTORS
Descriptor
Acronym or Description
Abbreviation

QrY Total gquantity to be produced

WT Weight of assembly (subassembly), in pounds

VOL Volume of assembly (subassembly), in cubic feet

WS Weight of striucture (nonelectronic) of assembly,
in pounds

MCPLXS Manufacturing complexity for structure

NEWST Percent of new design required for structure

MCPLXE Manufacturing complexity for electronics

NEWEL Percent of new design required for electronics

CMPNTS Number of electronic components

ECMPLX Engineering complexity of assembly (subassembly)

PRMTH Production period, in months

LCURVE Production learning curve

ECNE Engineering change orders for electronics, in
percent

ECNS Engineering change orders for structure, in
percent

YEAR Year of technology (usual start of design or
production)

ESC Escalation rate, in percent

PROJCT Degree of project management support during
engineering

DATA Degree of data requirements

TLGTST Degree of special tools and test equipment
required for development

PLTFM Factor for reliability testing, specification
severity

SYSTEM Degree of system engineering required

PPROJ Degree of project management support during
production

PDATA Degree of data required during production

PTLGTS Degree of special tools and test equipment
required for production
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checked. In addition, it provides the expacted cost estimated by the bro-
gram, bounded by approximately two~sigma level-of-confidence costs.

PRICE also predicts the expected mean time between failures (MTBF) of
the equipment. The MTBF for each equipment was r-mpared with the prototype
equipment manufacturer's predicted MTBF to determine their adequacy for use
in the study. Where a wide disparity existed between the two predicted
MTBFs, we checked the values against the Government-Industry Failure Rate
Data Exchange (GIFRDE) program to determine the value to be used.
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2.3 DEVELOPMENT OF ECONOMIC ANALYSIS MODELS
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The specific means of assessing the projected costs associated with
each of the MLS configurations was through the development and exercise of

computer-based EAMs. These models determined the annual and cumulative %
costs associated with each type of MLS system and tabulated these costs 2
by equipment and for the total user community. The models were developed E:
by tailoring existing ARINC Research cost models to the specific character- %
istics of the MLS implementation concepts and the aviation community. §

Input data to the EAMs consisted of data unique to a particular MLS %
configuration being evaluated and data common to all MLS configurations ig

being evaluated. The specific requiremen.s for each type of data were
defined as the model was developed, and required data were collected. The
models were then exercised for each system concept in the user community.
In addition, the EAMs were exercised to determine the sensitivity of the

results to variations in key parameters (e.g., MTBF).
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2.4 LCC STUDY ASSUMPTIONS

o

Ay

Many assumptions must be made in the course of an LCC analysis. The
assumptions from the MLS LCC program plan are presented in the following
subsections to provide a ready reference to the baseline LCC scenario.
Deviations from the program plan assumptions are parenthetically noted.

Latrteds:
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2.4.1 General Assumptions

The following general assumptions were made for the LCC analysis: .

N O,
R

* Cost figures will be comnensurate with solid-state components.
* The designs will make maximum use of 1980 technology.

* Components used will meet the quality standards of FAA 2100 where
applicable.

* The transition period will be 1985 to 2005. Implementation will
begin in 1985, with the first system deployed in 1987.

* Constant fiscal 1980 dollars will be used to calculate the costs.
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* A discount rate of 10 percent will be applied in accordance with
Executive Office of Management and Budget (OMB) Circular A-94.
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* fThe cost models will compute annual and cumulative values in each
major cost element for each equipment class.

. * The ground LCC model will be adapted from the Facility Maintenance
Cost Model developed under Contract DOT-TSC-1173.

* The air LCC model was developed under Contract DOT-FA74WA-3506 and
v updated under Contract DOT-FA76WA-3788.

3

2.4.2 Acquisition Cost Assumptions

The acquisition cost assumptions were as follows:

e Costs will be generated with the RCA PRICE model and compared with
cost astimates of hardware manufacturers.

* A learning curve of 87.5 percent will be used. (Ground equipment
manufacturers normally use a learning curve of 92 percent, so 92
percent was used for ground equipment.)

* Complexity-factor decisions for PRICE inputs will be based on
ARINC Research experience.

* Ground equipment production quantities will be determined by the
implementation schedule.

¢ Commercial aviation production quantities will be 500 units per
yeaxr per manufacturer.

* General aviation production quantities will be 1,000 units per
year per manufacturer.

Lot "
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e Costs of marker beacons will be based on current FAA costs.
(Marker beacon costs were not used.)

Ll

e DME costs will be based on current FAA costs.

e Precision DME costs will be estimated as an incremental cost
over standard DME.

2.4.3 1Installation Cost Assumptions

R M A R A IO

The following installation cost assumptions were made for the ground
and avionics systems:

« Ground Systems

ee A total of 1,177 systems will be installed over 20 years --
from 1987 to 2006.

«+ Standard construction manual national average trenching costs
will be used for the LCC.

e The MLS types required will be determined from the FAA data
base used for the transition plan.

<+ When shelters are used, the unit cost will be at current FAA
prices.
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Flight-check and certification costs will be based on uurrent
ILS procedures and MLS engineering flight checks.

only split-site configurations will be evaluated.

Basic and Expanded back azimuth sites will be obtained by
reconfiguring front azimuth sites.

Approach lights will not be costed.

Ten percent of SCMLS installations will have back azimuth
capability.

Twenty percent of Category I Basic installations will have
back azimuth capability.

* Avionics Systems

LN 4

Avionics retrofit installation costs will be taken from
Development of Avionics Retrofit Installation Costs in Air
Carrier and General Aviation Aircraft, FAA Report EM-79-14
of November 1979.

Installation costs in new aircraft will be assumed to be 60
percent of retrofit costs.

Full deployment for commercial air carriers will require four
years -~ from 1989 to 1993.

General aviation aircraft will be retrofitted according to
the information in Table 8-5.

The number of aircraft installations involved will be based
on data shown in Table 8-5.

After the start date of 1989, all commercial aircraft will
have MLS equipment installed during manufacture.

The expected installation rates for new general aviation air-
craft will be based on information presented in Section 8.4.

2.4.4 Operations and Maintenance Cost Assumptions

The following operations and maintenance cost assumptions were made
for the ground and avionics systems:

* Ground Systems

The average operating hours per month will be based on the
system's operating 24 hours per day.

Equipment MTBF will be determined by the PRICE model.
The minimum number of spares will be one per organization.

The stocking objective for nonrepairables will be in accord-
ance with FAA practice.

Average pipeline factors will be in accordance with FAA data.

M H AR A ALR st E R SRS B

=

h’:
3
3

fa

it
4

b

I R T



ETERE T e e PRETeRR ¢ W MR a EAN O A A N AT S R A TS 3w s o
s v oo RIBERL “’W TR AR T S g
: Schd e T J»W-@nm, g AL m,\.ﬂ‘ TS v W\g AITEES
pis - Galoss
b

~&amaﬁ%£gi

N

K

** On-system maintenance costs for ground systems will be assumed ' §

to be 4.75 hours per centralized maintenance action. B

*+ Twelve weeks of specialized MLS training will be required. ' ﬁ

++ Three days per year of recurring MLS maintenance training ; %

will be provided. I ¥

%\ e+ fThere will be 75 hubs for centralized maintenance. C g
g 3
E ** There will be four levels of module repair ~- discard and 3
g replace, a central repair group at the hub, depot, and on-~ g
site, ¥

g * Avionics Systems §
: *e Air carriers will apply current maintenance practices to the %

%

MLS equipment.
Average operating hours for aircraft will be based on the
information in Table 8-5.
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2.5 APPROACH SUMMARY

The preceding sections have provided an overview of the technical ap-
proach used in tne study, outlined the capabilities of the EAMs, described
their use, and identified the general types of data and assumptions usecd
in the evaluation. The succeeding chapters of this report describe in

detail the MLS configurations, the acquisition costs, the characteristics
of the EAMs, and the specific results of the study. \
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CHAPTER THREE

MLS GROUND SYSTEM CONFIGURATIONS ACQUISITION COSTS

Introduction of the MLS ground systems into the National Airspace
System will result in an investment cost that is dependent on the ground
equipment configurations deployed. This chapter identifies the capabilities
recommended by the FAA and evaluates the acquisition costs associated with
each ground system configuration. Acquisition costs consider the actual
cost of equipment. Costs such as factory inspections, documentation,
training, and spares are considered in Section 5.3.1.

3.1 SYSTEM CONFIGURATIONS
3.1.1 General

The MLS signal format defined in FAA MLS5 Engineering Requirement
ER-700-08C, Microwave Landing System (MLS) Signal Format and System Level
Functional Requirements, ensures compatibility between ground system elements
and allows a variety of system elements to be installed at any given facil-
ity. On the basis of the MLS prototype development program, three config-
urations of MLS azimuth and elevation beamwidth combinations were defined co
satisfy the operational requirements of the MLS in the United States. The
three configurations are shown in Table 3-1.

Table 3-1. MLS BEAMWIDTH
COMBINATION
CONFIGURATIONS
Confiquration Azimuth Elevation
9 Beamwidth Beamwidth
) 1 30 20 ‘
2 2° 1°
3 1° 1°
3-1
St Sl TR
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These configurations use similar equipment, but differ in proportional
coverage specifications, reliability and integrity of equipment, and functions
to be provided. All three configurations include the following:

* Approach azimuth equipment (for lateral guidance)

* Approach elevation equipment (for vertical guidance)

* DME

* Means for transmitting basic data woxrds

* Associated monitors, remote controls, and indicator equipment for

the items pre -iously listed

An Expanded MLS configuration may be derived from these Basic configura-
tions by adding one or more of the following functions:

e Back azimuth equipment

¢ Flare elevation equipment (not included in this analysis)

+ Means for transmitting auxiliary data

* A proportional guidance sector wider than the minimum specified

* Associated monitors, remote controls, and indicator equipment

for the items previously listed

FAA ER-700-08C allows azimuth and elevation beamwidths and coverage
to exist within a range of values, in effect allowing a family of MLS
equipments to exist.

3.1.2 Equipment Configurations

The FAA Technical Data Package (TDP) governing the transition of the
MLS program from Systems Research and Development Service (SRDS) to Air-
ways Facilities Servi—ne (AAF) recommends two production MLS configurations --
a Basic configuration and a small community configuration (SCMLS). Accord-
ingly, a SCMLS and-a Basic MLS configuration were used for this study as
stipulated in the November 1930 Program Plan for a Life~Cycle-Cost Study
of the Microwave Landing System. In addition, two variations of the Basic
MLS were evaluated, which used similar equipment but differed in beamwidth
or operational availability of the equipment. Because of the variations in
Basic equipment, the Basic II system was defined to be the same as the Basic
I, but with dual electronics. This would be a Category II system with
respect to the reliability and integrity built into the system. The Expanded
gystem is the same as the Basic II, but the azimuth beamwidth was reduced to
1° from 2°, and the coverage was increased to +60°.

Table 3~2 shows the characteristics and limitations of the four con-
figurations costed, as well as the equipment costs to be determined as part
of this study and the equipment costs taken from FAA acquisition data.
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3.1.2.1 Vieibility Categories

FAA ER~700-08C defines an accuracy required at the threshold of any
MLS without regard to visibility categories (I, II, or III). However,
visibility categories affect the MLS ground equipment with respect to the
reliability and integrity built into the system. Since the Basic I equip-
ment shown in Table 3-2 is nonredundant, it would be considered Category I
equipment. Basic II equipment was developed by considering dual electronics
with a single antenna. The Expanded MLS uses the same electronics as the
Basic 1II, but an additional cost is associated with the 1° azimuth beamwidth.

3.1.2.2 Back Azimuth

Back azimuth guidance can be used with any MLS configuration. On the
basis of conversations with FAA personnel, we assumed that 10 percent of
all SCMLS and 20 percent of all Category I Basic sites would have a back
azimuth system installed. The back azimuth antennas would be similar to
the front azimuth antennas at each site; therefore, the costs were
considered to be the same.

In accordance with FAA direction, it was assumed that all Category II
Basic and Category III Expanded sites would have MLS sites on the opposite
end of the runway, and that these sites would be capable of being recon-
figured to provide the back azimuth function.

3.1.3 Production Ground Egquipment

Production MLS ground equipment was developed on the basis of the
prototype Bendix Basic MLSs installed at Washington National Airport and
NASA Wallops Island, Virginia, and the SCMLS at Hazeltine Corporation.

This approach was chosen because the prototype equipments use two different
design concepts -- conventional (full) phased array versus thinned phased
array -- and demonstrate the capability of meeting the MLS design require-
ments. While the ground equipments of this study may not incorporate the
overall design apprpach of the future, they do incorporatz the design
approach of the present.

Available documents on the prototype ground systems were reviewed and
compared with FAA ER-700-08C change 1 of 16 May 1980 to identify changes
that could be made in systems design. Subsystems of the prototypes
that met the functional requirements of that document were reviewed to
ensure that the designs reflect the latest available technology. Subas-
semblies were identified as candidates for technological enhancement, and
state-of-the~art technology in such fields as microprocessors and integrated
circuits was incorporated into the subsystems to become part of the total
data package for cost evaluation where appropriate. The final designs were

adapted to a parametric evaluation by a commercially available pricing model.

The adaptation had a modular structure to permit independent cost analysis
of subassemblies at the smallest-repairable-unit level as well as at the
integrated-system level.
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3.1.2.1 vVieibility Categories

FAA ER-700-08C defines an accuracy required at the threshold of any

MLE without regard to visibility categories (I, II, or IIl). However, ]
visibility categories affect the MLS ground equipment with regpect to the '
reliability and integrity built into the system. Since the Basic I equip-

ment shown in Table 3-2 is nonredundant, it would be considered Category I

equipment. Basic II equipment was developed by considering dual electronics

with a single antenna. The Expanded MLS uses the same electronics as the

Basic II, but an additional cost is associated with the 1° azimuth beamwidth.

LR

3.1.2.2 Back Azimuth

Back azimuth guidance can be used with any MLS configuration. On the
basis of conversations with FAA personnel, we assumed that 10 percent of
all SCMLS and 20 percent of all Category I Basic sites would have a back
azimuth system installed. The back azimuth antennas would be similar to
the front azimuth antennas at each site; therefore, the costs were
considered to be the same.
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In accordance with FAA direction, it was assumed that all Category II
Basic and Category III Expanded sites would have MLS sites on the opposite
end of the runway, and that these sites would be capable of being recon-
figured to provide the back azimuth function.

3.1.3 Production Ground Equipment

Production MLS ground equipment was developed on the basis of the .
% prototype Bendix Basic MLSs installed at Washington National Airport and
3 NASA Wallops Island, Virginia, and the SCMLS at Hazeltine Corporation.

This approach was chosen because the prototype equipments use two different
{ design concepts -~ conventional (full) phased array versus thinned rhased

: array -- and demonstrate the capability of meeting the MLS design require-
3 ments. While the ground equipments of this study may not incorporate the

3 overall design approach of the future, they do incorporate the design
approach of the present.

Available documents on the prototype ground systems were reviewed and *
compared with FAA ER-700-08C change 1 of 16 May 1980 to identify changes
that could be made in systems design. Subsystems of the prototypes -
that met the functional requireients of that document were reviewed tc
ensure that the designs reflect the latest available technology. Subas-
semblies were identified as candidates for technological enhancement, and
state-of-the~art technology in such fields as microprocessors and integrated
circuits was incorporated into the subsystems to become part of the total
data package for cost evaluation where appropriate. The final designs were
adapted to a parametric evaluation by a commercially available pricing model.
The adaptation had a modular structure to permit independent cost analvsis
of subasgsemblies at the smallest-repairabies-unit leval as well as at t.e
integrated-system level.
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3.1.3.1 Small Community MLS

The production SCMLS that was priced was a 3° azimuth, 2° elevation
ML5 using a thinned array. The electronics were updated with the printed
circuit board (PCB) redesigns currently being incorporated into the SCMLS
enhancement program. The electronics and power supplies for each subsystem
were incorporated into the enclosures housing the antenna elements.

The design for our production version of the SCMLS was very similar to
the prototype designs. One design improvement was the installation of a
10-watt, solid-state military specification transmitter on the equipment.
The cost and MTBF of the transmitter were determined on the basis of discus-
sions with several manufacturers of solid-state amplifiers. A l0-watt,
golid-state commercial specification transmitter is currently being built
by one manufacturer. Another design improvement was the use of PIN dicde
phase shifters rather than ferrite phase shifters. The phase shifters used
external drivess. The production version of this SCMLS incorporated 10
phase shifters, 40 radiating elements, 5 dummy elements, and 7 additional
elements for left/right clearance and sector identification antennas. A
collapsible, canvas-and-frame structure was attached to each antenna
structure for use as a maintenance shelter.

The SCMLS equipments incorp. .+ uninterrvuptible power supplies, mgin-
tenance monitors, and data communicacions equipment within the azimuth and
elevation subsystems. The complete SCMLS configuration that was costed
included azimuth and elevation field monitors, commercial nonprecision DME,
and a remote control/status unit in the tower, along with a remote status
unit. When a back azimuth subsystem was used, it was considered to be
identical to the SCMLS azimuth subsystem. A block diagram of the SCMLS

is shown in Figure 3-1.
3.1.3.2 Basic MLS

The production Basic MLS tnat was priced was a 2° azimuth, 1° elevation
MLS with separate shelters for electronics. The electronics were based on
the Basic wide electronics, with suitable changes to reflect coverage of
+40°. The 1° elevation antenna was based on the coMPACT™ MLS elevation

antenna at NASA Wallops Island.

The azimuth antenna was a 2° phased array antenna (full array) incorpora-
ting 50 phase shifters and 50 radiating elements. Two dummy elements were
on either end of the array, for a total of 54 elements. This antenna con-
figuration had to be developed, because the 2° azimuth MLS at Washington
National Airport is a lens-type antenna. The number of elements required
was derived from the following equations:

60A

Number of elements = 5—;—6;;
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Figure 3-1. REPRESENTATIVE BLOCK DIAGRAM OF SCMLS CONFIGURATION
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5 For a 2° beamwidth (Opy) and 40° coverage, 50 elements were required. Two E
E dummy elements were added to the end of the array for edge effects. We used %
% a 50-port power divider in the antenna similar to the 1ll6-port power divider %
. ° used in the Basic wide MLS at NASA Wallops Island. The beam steering unit [
E {BSU) asgembly used in the antenna was also similar to that of the Basic wide g
3 MLS, but fewer electronics were required. 3
e T 5
E One design improvement was the replacement of the traveling wave tube §
% and RF assembly on the Basic system with a 20-watt, solid-state transmitter g
£ built to military specifications. While no 20-watt, solid-state transmit- bi
E ters are currently being built for MLS frequencies, we extrapolated a ..st g
E and MTBF from existing transmitters on the basis of our conversations with g
£ manufacturers of solid-state amplifiers. In addition, 4-bit PIN diode £

phase shifters were used in the Basic MLS with integral drivers, control,
and monitor circuits.

The Basic MLS electronics were located in a separate shelter with the
precision DME. All the control and monitor electronics were contained in
a single cabinet, which also contained the electronics and monitor power
supplies. The BSU electronics were located in the antenna enclosure with

required pcwer supplies.

The Basic MLS equipment incorporated uninterruptible power supplies,
maintenance monitors, and data communications equipment within the azimuth
and elevation subsystems. The complete Basic MLS configuration that was
costed included azimuth and elevation shelters, azimuth and elevation field
monitors, precision DME, and a remote control and status unit. When a
back azimuth subsystem was used, it was considered to be identical to the
Basic azimuth subsystem. A biock diagram of the Basic MLS is shown in

Figure 3-2.
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3.1.3.3 Basic II MLS

The Basic II MLS was similar to the Basic MLS, except that all the
electronics, transmitters, and power supplies were redundant, in hot
standby, for operational availability considerations. The preg¢ision DME - 5
was also dual. )

3.1.3.4 Expanded MLS

The Expanded MLS was similar to the Basic 1I, except that the azimuth
antenna was 1° instead of 2°. The 1° azimuth antenna used 116 active
elements with 2 dummy elements on either end, for a total of 120 elements.
The 1° azimuth antenna was similar to the Basic wide azimuth at NASa
Wallops Island. All electronics, transmitters, and power supplies were
redundant, in hot standby, for operational availability considerations.

The precision DME was also dual.
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3.2 ACQUISITION COSTS
3.2.1 General

Unit acquisition costs of all ground MLS equipments were calculated
using the parametric method of pricing, which estimates costs on the basis
of various physical and economic descriptors of the equipment being evaluated.
To ensure accuracy in the charactarization of existing equipment, all modules
or PCBs of specific subassemblies were measured and weighted. Where large
structures sucn as antenna enclosures were invclved, the structure was mea-
sured, and the weight was calculated on the basis of the material used in
the structure. Where subassemblies such as power supplies, amplifiers, and
air conditioners may be purchased, potential suppliers were contacted so
that probable prices could be determined. These purchase prices were then
entered into the pricing model.

On the basis of common experience, G&A was assumed to be 20 percent,
profit 15 percent, and internal research and develcpment (IR&D) 6 percent.
When parts were <0 be purchased, a material handling cost of 10 percent
was assumed.

Subassembly and system costs were developed in sufficient detail to
identify the manufacturing costs associated with system development and
production. We used PRICE complexity inputs associated with military
specification quality parts.

Appendix A illustrates a typical PRICE input sheet and output printout
a.d lists subassemblies and their associated development and manufacturing
costs for Basic I and SCMLS for a 180-unit production run.

3.2,2 System Unit Costs

Unit acquisition costs were determined with PRICE for four MLS con-
figurations -~ SCMLS, Basic I, Basic II, and Expanded. The unit costs,
shown in Tables 3-3 through 3-6 for variable production runs, reflect
amortization of development costs over the entire production run. With
the exception of antenna enclosures, system parts were assumed to be
manufactured in sufficient quantities to allow for provisioning of spare
parts. These additional manufactured parts allowed a slight decrease in
the cost of manufactured parts because of the increased quantities
produced.

3.2.2.1 Production Methods

The unit costs in Tables 3-3 through 3-6 are based on precduction
quantities of 75, 110, 145, and 180 systems over a manufacturing period of
three years. Variable production quantities were evaluated to investigate
the sensitivity of system costs to production rates.
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Table 3-3. M8 UMIT PRODUCTION COSTS FOR THREE-YEAR PRODUCTION RUN, 75 SYSTEMS s;
=1
p2
Cost by System Type g
(Constant 1980 Dollars) y %
Subsystem ; ":
sMLs basic I Basic II Expanded s
: (75 3ystemus) (55 Systems) (13 Systems) (7 Systems) g
3] B
Azimuth Antenna 70,800 65,600 74,800 171,200 3

b} Elevation Antenna 64,300 59,200 69,500 69,500
E Azimuth Electronics . 82,000 161,800 161,800 A
]
& Elevation Electronics hbd 84,500 166,800 166,800 3
E Shelters N/A 43,300 43,300 43,300 2
: Field Monitors 6,100 6,100 6,100 6,100 £
3 Remote Maintenance Mon.tors 4,800 4,800 4,800 4,800 K
Remote Control and Status Panels 6,100 6,100 6,100 €,100 ;
Integration and Test 6,500 13,600 14,300 15,000 §
:
Angle Equipment Cost 159,100 365,200 547,500 644,600 },‘
Distance-~-Measuring Equipment Cost 44,200 45,200 55,400 55,400 -
Total Systen lost 203,300 410,400 602,900 700,000 ‘

*Costs are included in azimuth antenna costs.
**Costs are included in elevation antenna costs.

Although any manufacturer may apply a given design technique to the
entire probable MLS matrix of azimuth and elevation beamwidth combinations,
our analysis was intentionally structured to look at two different design
techniques -~ thinned array and full array. Since the SCMLS and Basic MLSs
defined in this study use these two different design techniques, it was
agssumed that one manufacturer (or group of manufacturers) would provide
SCMLS equipment and another would provide the Basic versions of MLS. Under e
this assumption, the number of SCMLS built during a producticn run would !
be equal to the entire production run. The number .of each of the Basic ;
vercions manufactured durihg a production run was based.on the final total i
percentage mix of Basic MLSs yrocured over the life cycle weighed against i
the implementation stratecgy.  For example, for the 75-unit production run, i
we agsumed 55 Basic I, 13 Basic 1I, and 7 Expanded systems over three years.
This percentage system mix was employed for all production uses. Also )
included was adequate manufacturing to produce the required back azimuth

systems.

e R S R R )

3.2.2.2 Subgystem Costs N

The following sections describe the various subsysfems of the ground
equipments.
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Table 3-4. M3 UNIT PRODUCTION COSTS FOK THREE-YEAR PRODUCTION RUN, 110 SYSTEMS

Cost by System Type
(Constant 1980 Dollars)

Subsystea

SCMLS Basic I Basic I Expanded

(110 Systems) ! (81 Systems) | (19 Systems) | (10 Systems)
Azimuth Antenna 67,300 59,000 66,900 146,100
Elevation Antenna 61,300 51,900 61,000 61,000
Azisuth Electronics -~ 78,700 155,800 155,800
Elevation Electronics L 80,200 158,900 158,900
Sheltars N/A 42,200 42,200 42,200
Field Monitors 5,700 5,70. S.700 5,700
Resote Maintenance Monitors 4,°00 4,900 4,900 4,900
Ramote Control and Status Panels 5,300 5,300 5,300 5,300
Integration and Test 5,500 11,700 12,300 12,900
Angle fZquipmant Cost 150,200 339,600 513,000 592,800
Distance-Measuring Equipment Cost 44,200 45,200 55,400 55,400
Total System Cost 194,400 384,300 568,400 648,200

*Costs atre included in szimuth antenna costs.
**Costs are included in elevation antenna costs.

Table 3-5. MLS UNIT PRODUCTION COSTS FOR THREE~YEAR PRODUCTION RUN, 145 SYSTEMS

BSOS A R Fory B o 7

Subsysten

Cost by System Type
{Conetant 1980 Dollars)

SCMLS Basic I Bagic II Expanded

(145 Systems) (106 Systems) (25 Systems) (14 systems)
Azimuth Antenna 65,100 55,000 62,000 127,500
Elevation Antenna $9,500 49,300 57,800 57.80C
Azimuth Electronics o 77,000 152,400 152,400
Elevation Electronics e 78,300 154,900 154,900
Shelters N/A 41,530 41,500 41,500
Field Monitors 5,400 5,400 5,400 5,400
Ramote Maintenance Monitors 4,900 4,900 4,900 4,909
Ramote Control and Status Panels 4,900 4,900 4,900 4,900
Integration and Test 4,800 10,600 11,100 11,700
Angle Equipment Cost 144,600 326,900 494,900 561,000
Distance-Measuring Equipment Cost 44,200 45,200 55,400 55,400
Total System Cost 186,800 372,100 550,300 616,400

*Costs are included in azimuth antenna costs.
**Costs are includad in elevation antenna costs.
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Table 3=6. NML8 UNIT PRODUCTION COSTS FOR THREE-YEAR PAODUCTION RUN, 180 SYSTEMS
Cost by System Type
(Constant 1980 Dollars)
Subsystem
SCMLS Basic I Basic 1I Sxpanded
(180 Systenms) {132 systems) (31 Systenms) (17 Systems)
Azimuth Antenna 63,500 52,400 58,200 115,600
Elevation Antenna 58,100 46,500 54,600 54,600
Azimuth Electronics . 75,700 149,800 149,800
Llevation Electronics e 76,900 152,200 152,200
Shelters N/A 40,900 40,900 40,900
Pield Monitors 5,200 5,200 5,200 5,200
femote Maintenance Monitors 4,900 4,900 4,900 4,900
femote Control and Status Panels 4,600 4,600 4,600 4,600
Integration and Test 4,400 9,500 10,000 10,500
Anwgle Equipment Cost 140,700 316,600 480,400 538,300
Distance-Measuring . uipment Cost 44,200 45,200 55,400 55,400
Total System Cost 184,900 361,800 535,800 593,700

*Costs are included in azimuth antenna costs.
**Costs are included in slevation antenna costs.

Azimuth Antenna

Because all the electronics, transmitters, and power supplies were
included in the antenna enclosure, azimuth antenna costs for the SCMLS
included not only the antenna array, enclosure, and radome, but the cost

of the total azimuth subsystem.

Azimuth antenna costs for the Basic ver-

gions of MLS included only the cost of the actual antenna subsystem -- in
this case, the costs of the antenna array, enclosure, radome, and any
electronics and power supplies particularly included in the antenna en-

closure.

the result of redundant components.

redundant components as well as a larger antenna and array.

Elevation Antenna

Additional costs associated with the Basic II configuration were
The Expanded configuration had

Elevation antenna costs for the SCMLS and Basic configurations were

structured similar to azimuth antenna costs.
Basic II and Expanded configurations were the result of redundant components.

Azimuth Electronics

Additional costs for the

SCMLS electronics costs were included in the azimuth antenna costs.

The additional Basic azimuth electronics costs represented the maintenance

monitor cards, local control cards, electronics and maintenance power
supplies, transmitters, card chassis, electronics cabinet, and other
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electronic components separate from the antenna enclosure. Additional costs
for the Basic II and Expanded configurations were the result of redundant
components.

Elevation Electronics

Elevation electronics costs for the SCMLS and Basic configurations were
structured similar to azimuth electronics costs.

Shelters

There were no shelter costs for the SCMLS, because the electronics were
housed in the antenna enclosure. The weatherproof maintenance shelter was
included in the antenna subsystem cost.

Shelter costs shown in the tables represent the total cost for the two
shelters required for the azimuth and elevation subsystem electronics. The
shelters priced were 8 feet by 8 feet by 12 feet. The costs included the
environmental conditioning requirements, work benches, and junction boxes
expected to be associated with MLS shelters. The azimuth shelter cost
approximately $3,000 more than the elevation shelter because of the required
auxiliary antennas.

Field Monitors

The field monitors priced were independent monitors for the azimuth
and elevation antenna sites and were similar to existing mast-type field
monitors used with the prototype Basic wide MLS. The same monitor type and
hence the same cost was used for both the SCMLS and Basic MLSs.

Remote Maintenance Monitors

The remote maintenance monitor (RMM) was considered to be a micro-
computer capable of collecting, storing, analyzing, and transmitting any
monitor data tc a maintenance facility as req.ired. 1Included in the RMM
line was a modem for transmitting and receiving data. An RMM was included
with each azimuth and elevation subsystem; similar RMMs were used for SCMLS
and Basic MLSs.

Remote Control and Status Panels

The remote control and status panels consisted of a remote control
and status unit (RCSU) located in the tower or maintenance facility and a
remote status panel installed at an off-site facility. The remote status
panel was considered to be a simple device providing alarms and status
indications of each equipment. The RCSU was a much more complex unit having
not only status indications, but also subsystem-control capability. It
consisted of two power supplies, three PCBs, and the associated chassis and
connections.

We assumed that similar units would be provided for both SCMLS and
Bagsic MLSs.
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Integration and Test

The costs of integration and test shown in the tables reflect the costs
associated with integrating the subsystems into one complete MLS. This cost,
which is applied after all other parts have been manufactured or purchased
arid subasgembled, is associated with normal manufacturing practices and does
not take into account any extra-intensive testing that may be associated with
initial implementation of the MLS. Integration and test costs associated
with assembling the various subsystems were included in the subsystem cost
element.

Distance-Measuring Equipment

Since DME equipment or costs were not specifically evaluated, DME costs
are listed in the tables as a separate line-item cost. In addition, DME for
the SCMLS may be a contract option, depending on the desired SCMLS installa-
tion. A DME cost was included in all of our SCMLS installations for the LCC
analysis.

The DME costs listed in Tables 3-3 through 3-6 were based on the unit
DME costs associated with single and dual DME equipments purchased by the
FAA in 1977. Those costs were inflated to 1980 dollars. We assumed that
an MLS manufacturer would purchase rather than manufacture a DME for the
MLS; accordingly, appropriate manufacturing markups associated with all
purchased MLS materials were added to the baseline DME cost to determine
a baseline DME equipment price. An additional cost that may be expected
for integrating the DME with the MLS angle equipment was then added. For
the Basic versions, $2,500 was included as a test and integration cost,
because the DME could be installed in a cabinet inside the shelters where
adequate space would exist. A $10,000 cost was added to the SCMLS DME
price of $34,200 to reflect shelterizing the DME, because DME costs were
not investigated during this analysis, nor was an analysis performed to
increase the SCMLS enclosure size to include an integral DME. The $10,000
cost should be adequate to reflect either an integral DME included in the
azimuth SCMLS enclcsure or an independent DME.

Constant DME costs were used throughout the production runs, because
the DMEs were treated as purchased items. We assumed that sufficient
quantities of equipment would be purchased for the 75-unit production run
to achieve the same price discounts that would be achievable with the
180-unit production run.

Back Azimuth Equipment

Back azimuth equipment was not priced separately for unit acquisition
costs; however, it was included in the LCC analysis. Back azimuth equip-
ment, where used, was considered to be composed of the elements required in
an azimuth subsystem.
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3.2.2.3 Production Quantity Costs

The PRICE parametric cost model determines the developmont and manu-
facturing costs for the equipment under analysis. The development cost is
constant for any quantity of equipment; the manufacturing cost is adjusted
to allow for the learning curve cost effect expected in larger quantity
procurements. The overall result is lower production costs associated with
larger quantity procurements, because the lower manufacturing costs and the
development costs are amortized over a larger number of equipment. The
product improvement factors input to PRICE resulted in a learning curve of
approximately 92 percent. Costs of purchased items did not change signif-
icantly with large production gquantities, because they had been determined
on the basis of quantities of 100 or more.

For the purpose of this analysis, it was assumed that multiyear contracts

of three years would be let to allow new technology to be incorporated into
the MLSs every three years if desired and to allow for new manufacturers

entering the market. Both of these possibilities permitted the use of a con-

stant unit acquisition cost throughout the LCC study on the basis of the
premise that new technology or new manufacturers will cause continual
recurring costs, which will be amortized over any production run.

Tables 3-7 and 3-8 illustrate the development and manufacturing costs
agsociated with the SCMLS and Basic MLS configurations. Neither table re-
flects a cost that may be associated with development of a design concept.

Table 3-7. SCMLS DEVELOPMENT AND MANUFACTURING COSTS FOR THREE-YEAR PRODUCTION RUN

Quantity Manufacturing Costs
(Millions of Constant 1980 Dollars)
Subsystem Deveé.:sp: ent
75 110 145 180
Systems Systems Systems Systems
Elevation Antenna 0.378 1.691 2.422 3.024 3.855
Azimuth Antenna 0.384 2.440 3.478 4.643 5.223
Electronics 0.441 5.914 8.602 11.239 13.841
Field Monitors 0.046 0.390 0.602 0.765 0.925
Remote Maintenance Monitors 0.003 0.377 0.560 0.741 0.923
Remote Control and Status Panels 0.133 0.356 0.49%4 0.628 0.759
Integration and Test 0.159 0.344 0.470 0.560 0.660
Total 1.544 11.512 16.628 21.600 25.986
Total Angle Equipment Production Cost
(Development plus Manufacturing) 13.086 18,172 23.144 27.530
Distance-Measuring Equipment Cost 3.315 4.862 6.409 7.956
Total System Cost le.371 23.034 29.553 35.486
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Table 3-8. BABIC DEVELOPMENT AND MANUFACTURING COSTS FOR THREE~YEAR PRODUCTION RUN i’j
#
Quantity Manufacturing Costs . %
Development (Millions of Constant 1980 Dollars) l R
Subsysten Cost >
75 110 145 18¢ %
Systems | Systems | Systems | Systems - 3
S
Elevation Antenna 0.916 4.501 6.210 7.893 9.114 ke
Azimuth Antenna 0.924 5.346 7.446 9.369 10.875 2
&
Azimuth Expanded Antenna 0.416 0.232 0.306 0.402 0.471 %
Electronics 1.250 14.630 20.080 28.390 36.150 3
Shelters 0.102 3.212 4.684 6.120 7.516
Field Monitors 0.046 0.438 0.612 0.781 0.978
b Remots Maintenance Monitors 0.003 0.387 0.571 0.752 0.936
; Remote Control and Status Panels 0.133 0.356 0.494 0.628 0.753
, Integration and Test 0.262 0.826 1.116 1.384 1.571
3 Total 4.052 29.928 | 41.519 | 55.719 | 6€8.370
1 Total Angle Equipment Production Cost
- (Development plus Manufacturing) 33.980 45.571 59.771 72.422
5
>
Distance-Measuring Equipment Cost 3.594 5.268 6.952 8.626
3 Total System Cost | 37.574 | 50.839 | 66.723 | 81.048
?f PRICE identifies development costs associated with design, engineering,
4 management, and prototype tooling and equipment production, not concept
E development.
3
i The manut..cturing cost represents the cost of producin, the required
i number of systems add ihcludes parts manufactured and parts purchased for 2
5 the system. The manufacturing costs take into account the number of back . TE?
K azimuth systems required to satisfy the assumption of 10 percent SCMLS and g
; 20 percent Basic I. The Basic systems were apportioned between Basic I, g
s Basic 1I, and Expanded configurations, as illustrated in Tables 3-3 through k.
3 3-6. p:
= Development costs associated with the Basic configurations are approxi- ?
? mately 2.4 times those of the SCMLS antenna costs and 2.8 times those of the b
f_ SCMLS electronics. The cverall Basic development costs reflect the costs o
B associated with developing a 1° azimuth confiquration and developing a =
;-‘ sheltered configuration. Similar development and manufacturing costs were ke
2 assumed for the field mon:itors, RMMs, and RCSUs for the SCMLS and Basic b
E configurations. .
i Figure 3-3 illustrates the downward trend in SCMLS unit system costs, ﬁ
2 even as total production costs rise with increased systems produced. Pro- A
A duction costs include back azimuth systems and development costs. DME costs H
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are not included in.Figure 3-3. A similar figure is not provided for the
Basic configuration because of the mix of svstems (Basic I, Bagic II, and ,

Expanded) involved in any given production quantity. The system cost ,
associated with any Basic configuration would be reduced, because the ) - |
total parts would be manufactured for all three configurations. '
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CHAPTER FOUR

GROUND LIFE-CYCLE-COST MODEL COMMON PARAMETERS

This chapter addresses the development of the data items that were
treated in the economic analysis ~s being common to any MLS configuration
or pertinent to the total system implementation. These items included the
estimated installation costs of each configuration, the implementation plan,
and the maintenance scenario used in the life-cycle-cost analysis.

4.1 INSTALLATION COSTS

Installation costs for ground equipment fell under such categories as
site preparation and construction, actual equipment installation an. check-
out, and flight check and certification. Rather than viewing MLS io.ta’lu-
tions in these categories, we chose to evaluate the total installi.tion cost
in terms of personnel, equipment, and material costs required, as -~'1l as
trenching and flight inspection costs. Documents used to develop L:ie
rationale for thése costs were NASA Technical Memorandum 78588 of August
1979, Site Preparation and Installation of the Prototype Texas Instruments
Basic Narrow Configuration Microwave Landing System; FAA Handbook 6750.16Aa,
Siting Criteria for Instrument Landing Systems; FAA Specification FAA-E-2492
for Turnkey ILS; and FAA Order 6750.22, National ILS Establishment Con-
tracts -- as well as Bendix documents pertaining to the Basic wide MLS instal-
lation at. NASA Wallops Island, and Hazeltine drawings for SCMLS installations.

Table 4-1 illustrates the expected MLS installation costs for each
type of system. The costs were developed around a concept of the SCMLS
being installed on a 6,900-foot runway, Basic on a 9,800-foot runway, and
Expanded on a 15,900-foot runway. These runway lengths are approximate
average distances, taken from the MLS TDP. The complete development of
installation costs is expla ned in Appendix B. All costs were based on a
split-site configuration.

Personnel costs shown in Table 4-1 represent the costs of FAA regional
personn2l, MLS contractor personnel, and subcontractor personnel actually
involved in constructing the site. Squipment costs include the costs for
equipment such as trucks, graders, excavators, and cranes actually used in
constructing the site, as well as $1,800 assumed for preflight inspection
flights. Material costs include costs associated with concrete, reinforc-
ing rods, anchor bolts, and so forth. Cable matarial costs and the labor
required to lay the cable zre included in the trenching costs.
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Table 4~1. MICROWAVE LANDING SYSTEM INSTALLATION COSTS

Cost by System Type

Cost Category (1980 Dollars)

SCMLS Basic Expanded

Personnel 48,000 65,900 84,000
Equipment 8,500 9,400 9,400
Material 8,000 13,000 13,000
Intersite Trenching 38,300 64,900 97,200
Cable to Remote Control/Status 26,500 26,500 26,500
Roads and Power 23,400 23,400 23,400
Total Nominat Site Cost 152,700 203,100 253,500
Total Difficult Site Cost* 305,400 | 406,200 507,000
Weighted Average Site Cost** 167,970 223,410 278,850
Flight Inspection Cost 25,320 37,020 48,720
Total Costt | 193,300 | 260,400 327,600

*One hundred percent increase over nominal site cost.

**Ninety percent nominal site cost plus 10 percent difficult
gite cost.

+Rounded to nearest $100.

The total nominal site cost is an accumulation of all costs associated
with site preparation, construction, equipment installation, and initial
on-gsite certification. This is an average cost developed through Means
Building Construction Cost Data, which are widely used by the construction
industry and the FAA fc¢." estimating costs. Costs can easily vary by geo-
graphic location and site geological composition. Nominal site costs do
not include any tunneling under runways. With a nominal tunneling cost of
$245 per foot, an additional $25,000 to $40,000 (depending on runway width)
could quickly be added to any site requiring tunneling. To compensate for
some of these expected variations, we established a total difficult site
cost with a 100 percent increase over the nominal cost. This assumption
may be compared to FAA Report EM-80-7, which shows that difficult sites
could easily exceed nominal costs by 130 to 150 percent. We developed a
weighted average site cost by assuming that 10 percent of the installations
would be difficult. We used the 10 percent assumption rather than the 25
percent assumption used in the cost benefits analysis, because there are no
assumptions made that construction at some sites may be easier than normal.
For these sites, according to Means Construction data, the cost may be
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aexpected to be 25 to 35 percent less than average. In addition, runway
lengths may be less than the maximum lengths assumed for each type of system.

Flight inspection costs were added to the weighted averaye situ cost
to determine a total cost for MLS installation. Flight hour costs are the
alrways facilities-projected 1980 composite flight inspection rate. The
costs shown in Table 4-1 were used in the LCC analysis.

Sites involving a back azimuth system for the SCMLS or Basic configura-
tion were assumed to iancur an additional cost for this installation. We
assumed that there would be an additional 2,000 feet of trenching from the
evaluation site to the back azimuth site for SCMLS or Basic. The additional
costs would be for the trenching to monitors and the concrete pads. It was
assumed that the back azimuth installation would be the same as the front
azimuth sites for both configurations. No additional personnel or equip-
ment costs were assumed for back azimuth sites. The installation cost
associated with the Basic back azimuth configuration was $5,200 for material
and $19,900 for intersite trenching, for a total of $25,100. The SCMLS
back azimuth installation cost was $2,500 for material and $11,300 for
intersite trenching, for a total of $13,800.

5
B
=
3
:
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The costs shown in Table 4-1 are those that relate only to MLS installa-
tion. We did not assume any cost advantages that may be available because of
existing ILS facilities.

4.2 MLS IMPLEMENTATION

A major factor in the LCC analysis was the implementation schedule for
the MLS. The implementation schedule drives the production quantities per
year end the operations and maintenance costs per year and cumulatively.
The following factors were addressed in determining an implementation
schedule:

* Type of MLS to be installed -- Basic or SCMLS

¢ Category of service (I, II, or III)

* Year of installation

* Type of airport to be equipped with MLS

In the Draft Microwave Landing System Transition Plan of 20 October
1980, the FAA identified and examined 10 possible strategies for develop-
ing the MLS. A computer model was developed to evaluate each strategy with

respect to operational and econcmic considerations. The model used the
following basic types of data:

+ Implementation strategy

* Numerical parameters

s+ User class benefits
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** Ground and airborne system LCCs
** MLS establishment criteria
** Avionics equipage trends

¢+ Factors used in apportioning annual instrument approaches (AIAs)

Using the model as an evaluation tool, the FAA determined that there was no
statistically significant economic rationale for choosing between implemen-
tation strategies. Therefore, the drafc transition plan pointed out that
the "choice between strategies must depend upon operational considerations
or on the special opportunities for improved precision guidance service
created by the installation of MLS equipment." Since a final transition
strategy had not yet been decided, it was necessary to pick one for the LCC
because of the time constraints of the study.

Implementation strategy 9 was selected, because it was the preferred
strategy in the Draft Precision Approach System Transition Plan of 7 June
1979. 1In that plan, strategy 9 was considered to be superior with regard
to schedule and operational considerations. Although this strategy was
implemented in the LCC study, the economic analysis model was structured
with adequate flexibility to ailow any implementation strategy to be used.

Both draft transition plans offer the planned system distribution »v
the year 2005, as shown in Table 4-'2. The Category I systems are not speci-
fically divided between SCMLS and Basic systems, although both transition

plans provide for the installation of the SCMLS on a majority of the runways

at nonhub and general aviation airports that gqualify for a Category I system.

For this analysis, it was assumed that 50 percent of the Category I systems
were SCMLS.

Table 4-2. DISTRIBUTION OF MLS BY YEAR 2005

Expected Number of Systems
by Category

Airport Type Total

I II IIT

(scMLS/Basic)| (Basic) (Expanded)
Large HBub 170 37 47 254
Medium Hub 108 31 15 154
Small Hub 224 94 0 318
Nonhub 307 26 0 333
General Aviation 118 0 o 118
Total 927 188 62 1,177
4-4
L By ’ - e A i s

:
&

s

ISR _ SRR A At AR Pt A ST 001 st




o : T e S TTENRER AR w T CMNIIRGREI  — v
. T e

£
- v ~

VR TN ?
R ABMTH AR At o e ey

RS S e E IR A B 3R
e st o s e gt ey R e o s e e P e AT

Using the airport MLS distribution data presented in the June 1979
draft transition plan, and lirearly interpolating betvren years, we duevel-
oped the implementation schedule for the MLSs used for this LCC analysts.
Table 4-3 presents the implementation schedule and shows the additicnal
azimuth systems required to satisfy the requirements for back azimuth at
20 percent of the Basic MLS sites and 10 percent of the SCMLS locations.

In using the implementation schedule in the EAM, we assumed that
gsystems would .e acquired beginning in 1985 and deployed two years after
cquisition. Because of the dependency of the life-cycle cost on the
implementation plan, the EAM was designed with a flexibility to investi-
gate other implementation strategies. These other implementation plans

are discussed in Chapter Six.

4.3 MAINTINANCE SCENARIO

For the purpose of this study, it was assumed that the centralized
maintenance concept would be used for all ground system maintenance. All
skill levels, labor rates, productivity, and travel times were determined
o°. this basis. RMM equipment was included in all ground systems. To
implement the RMM centralized maintenance concept for the MLS, we updated
+ue findings of ARINC Research's June 1978 Quick-Look Analysis of Key
Factors Ascociated with the Federal Aviation Administration Airways
Facilities Remote Maintenance Monitoring System Conc:zpt.

The maintenance scenario used in the life-cycle-cost model {LCCM)
considered two levels of repair -- on-site and off-site maintenance. On-
site maintenance consists of removal and replacement of failed modules
or their component varts (submodules), actual repair of a small fraction
of these failures at the system site, and preventive maintenance actions.
Cff~site maintenance encompasses all other maintenance activities asso-

ciated -vith a system failure.

It was assumed that throughout the iife cycle of the MLS ground system
there would be 75 base repair facilities, as stated in the MLS LCC program
plan. While this paramcter could be varied in a sensitivity analysis to
determine the effect of a greater or lesser number of repair stations on
the costs of system maintenance, that effort was not included in the scope

of this study.

Using the ccatralized maintenance concept, we assumed the following
four levels of module repair:

* Discard and replace (for units whose replacement costs are less

than repair costs)
* On sit~ for units that cannot be reasonably transported)

* Central repair group at the hub (for units that can be repaired
with sector diagnostics and repair tools)

* Depot (for units requiring special diagnostics and repair tools)

;
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4.3.1 on-Site Maintenance

The sceunario used in calculating on-site maintenance costs and person-
nel requirements was adapted from ARINC Research Corporation's Facility
Maintenance Cost Model, described in AAF Report 220-78-01, Volumes I and
III. On-site maintenance actions include preventive maintenance (PM) and
corrective maintenance (CM) activities. The number of repair parsonnel
required was calculated on the basis of the expected PM and CM demand for
the system under evaluation.

PM cost is determined by the maintenance man-hours required to perform
the PM functions applicable to the system under evaluation, as well as the
travel time and mileage to the site. Three maintenance man-hours per PM
visit were assumed to be sufficient to allow completion of all required PM
actions, given a rate of two PM visits per site per year. Travel time and
mileage were computed using the assumption of a homogenecus distribution cf
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system sites and repair facilities throughout the continental United States g
(i.e., each repair facility was given maintenance responsibility for the 3
same number of system sites), an average travel speed of 35 mph, and a ?
travel cost of 21¢ per mile. These and other assumptions affecting the %
maintenance scenario are shown in Figure 4-~-1l. %
L7

CM actions are those initiated by a system failure and consist of £
removal and replacement actions and a small amount of on-site repair for E

items such as the antenna enclosure. The failure may be castastrophic,
caused by a component failure, or it may be caused by performance degrada-
tion below the tolerances specified for site operxation. Either type of
failure would normally require replacement of modules, submodules, or
entire systems, depending on the severity of the failure.

The remote maintenance monitoring system concept used in developing
the LCCM provides systems at the central facilities (bases) for monitoring
the r- *“< system site performance. The LCCM assumes that all failures are
schedu for immediate repair when the need for corrective maintenance is
establisned and reported to the responsible hub by the RMM.

L
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CM costs include.those for travel time from the technician's normal -+
duty station to the failed unit site, test and diagnostic setup time, fault- . :
isolation time, time to remove and replace or repair, operational test time,
- travel time back to the technician's normal duty station, and mileage to

. and from the failed system site. CM travel time and mileage were computed :
4 using the assumptions described for preventive maintenance.

For this evaluation, test and diagnostic setup time, fault-isolation
time, and operational test time were represented by a single variable. The
value assigned to this variable was determined on the basis of three impor-
tant assumptions. First, the RMM concept was defined to have the ability
to report not only the event of a system failure, but the components that
most likely caused the failure, thus reducing the amount of time required
at the site to fault-isolate and test. In most cases the technician would
simply obtain the necessary replacement parts from inventory and carry them
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There are 75 remote maintenance monitor (RMM) computer sites (hubs).

There are three depot repair facilities.
The area of the continental United States is 3 x 10° sqguare miles.

The average travel speed is 35 mph.

The cost of travel is 21¢ per mile.

The average facility repair time at a remote site for equipment
too large to be taken to a hub is 16 man-~hours.

Ninety~-five percent of the equipment taken to a hub for repair is re-
paired at the hub; the remaining five percent is repaired at a depot.

The average equipment repair time at a hub or depot is three hours per

item.
The turnaround time for equipment repaired at a hub is 5 days; the turn-
around time for equipmert repaired at a depot is 60 days.

The following labor rates were assur 3i:

Journeyman technician - $30,329 per annum
Base-level repairman - $36,234 per annum
Depot~-level repairman ~ $42,907 per annun

A facility will be visited twice a year.
A minimum staff of five people plus one floater (providing coverage of
24 hours a day, 365 days a year) will be assigned to each maintenance
office.

Maintenance manpower will be computed to yield a probability of 0.84
that a technician will be available when required.

Spare quantities will be computed to yield a probability of 0.50 that a
spare will be available when required.

S - « *
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Figure 4-1. BASELINE CASE ASSUMPTIONS

to the site. However, because the model assumes only one person per CM
action, and many system failures may require the presence of more than one
repair technician (e.g., & power supply failure), the time required to
effect repair at the site would be increased. The assumption of more than

one person per CM action would be applicable to the times required to remove

and replace or repair failed components as well.

4.3.2 0Off-Site Maintenance

Off-site maintenance costs are costs incuried when a failed component

is not repaired at the system site but is brought to the hub, or base, for

repair. These expenses include the costs of materials, labor, shipping,
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and failure documentation. For this analysis, it was assumed that modules are
alwa’s repaired at the site by replacement of submoduies, and that submodules
are normally repaired at the base or depot. It was also assumed that the
equipment manufacturer would provide the required depot support.

llinety-five percent of all off-site _epairs were assumed to be per-
formed at the base level with the remaining five percent performed at the
depot. Repair times attributed to each module and submodule allow for
the time required to document a failure and the corresponding repair action
in addition to the actual time required for repair. If the failed component
is determined to be nonrepairable, either because it has been too severely
damaged or it is a "throw-away" item, it is simply discarded and replaced
with a new component. Otherwise, the failed item is assessed and then re-
paired at the base or depot, depending on the complexity of repair requ. ed.

If the necessary repair action is beyond the capability of the base
repair personnel, the submodule is packaged and shipped to the depot for
repair. Because of the number of systems procured over the lifetime of the
system implementation, three depots were presumed for this analysis to
allow for a competitive pcsture while ensuring adequate production quantities

per manufacturer.

Once the failed unit arrives at the depot, it is repaired, incurring
labor and materials costs peculiar to the particular submodule under repair.
The maintenance action performed is documented, and the repaired item is
shivped back to the base, thus completing the maintenance cycle.

It was assumed that a pipeline time (turnaround time) of 60 days would
be assigned to those items returned to the depot “or repair, while a five-
day pipeline time would be assigned to items repaired at the base level.
These pipeline times, along with the base and depot stocking objectives and
order and shipping times for modules and submodules, would affect the
number of spares of each type held in inventory at the base and depot levels.
A shorter pipeline time at either the base or depot would result in fewer
spares being held in inventory; thus a tradeoff would exist between the
amount of time allotted for module and submodule turnaround and the number
of spares in inventory. A decrease in the turnaround time would result in
a decrease in spares inventory and thus a lower cost. Conversely, an
increase in turnaround time would result in an increase in spares inventory

and a corresponding increase in cost.

4.3.3 Maintenance Actions

Maintenance actions required by the model are based on the serial reli-
abilaity of each subassembly making up the total system rather than on the
system operational availability. Each subassembly, from the electronics
to the waveguide elements, has an assigned MTBF as determined by PRICE or
GIFRDE data. This means that the sparing and maintenance actions calculated
by the LCC model included spares and maintenance actions for antenna chassis,
radomes, and shelters, as well as the active electronics. Typical MTBF

values are shown in Appendix A.
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CHAPTER FIVE ; %
3
. 2
INDIVIDUAL AND SYSTEM COSTS FOR MLS 1
GROUND SYSTEM IMPLEMENTATION %
5.1 COST MODEL %
To evaluate the LCC of the ground MLS equipment, ARINC Research E
Corporation adapted and updated its economic analysis model by incorporating 3
the Facility Maintenance Cost Model developed under Contract DOT-TSC-1173-2 2
3

into the EAM. This allowed increased analysis of costs peculiar to the
centralized maintenance concept.

The model has been programmed in FORTRAN IV+ for use with a Digital
Equipment Corporation PDP~11/34 minicomputer. It computes the expected
annual and cumulative acquisition, installation, and logistic support
costs for each concept. The program is flexible to accommodate data changes,
sensitivity evaluations, or additional data outputs. Appendix D documents
the program features and mathematical formulation of the EAM; Appendix E is
a program listing of the EAM,

o bt -
SUILIEN G2 BT AT g Ker

5.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL

The data developed in Chapters Three and Four constitute only a portion
? of the data required to compare systems or establish the cost of imple~
mentation. All the data necessary to establish the cost of implementing

i the MLS were developed through research conducted by ARINC Research Corpora-
5 . tion for this contract and others. A complete list of the parameters
influencing the LCC evaluation is tabulated in Appendix F. All the
parameters considered to be influential when evaluating the relative costs
and reliability of the system have been programmed into the cost model.

A A RS e e

5.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS MODEL

The ARINC Research EAM computed annual and cumulative acquisition,
installation, and logistic support costs for each MLS configuration and
deployment concept as well as for the total system implementation. The
model was programmed to print out data for three additional years beyond
the assumed installation period of 1987 through 2006 to aid in evaluating
the effects of maintenance and logistics costs after system implementation.
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This chapter presents the results derived from the model on the basis
of the parametric inputs provided for the different MLS configurations.
Acquisition, installation, and recurring logistic support costs are identi-
fied separately for each system type. Because of the quantity of data .
generated with six MLS configurations and four production quantities, most
of the data are presented in summary form for one production quantity or
one MLS configuration. The data presented were selected as being representa- -
tive of any of the cost trends that might be expected with any production
3 quantity. Complete ICC data for the six configurations are contained in
4 Appendix C for a 180-system production run.

Each system costed was unique in its configuration, and the configura-
3 tion was chosen for a particular utility. Accordingly, the systems were not
: compared with each other in terms of cost.

T

5.3.1 Life-Cycle Cost

Life~cycle cost -~ the cumulative cost of system implementation
(including the total costs of acquisition, installation, and nonrecurring
and recurring logistic support) ~- offers the best insight into the total
cost of implementing the MLS.

iy o R
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Elements of the life-cycle cost are summarized in Tables 5-1 and 5-2
for a 75-system production run and a 180-system production run, respectively.
These are the two extremes of the unit acquisition cost analysis. The
tables include the initial investment costs (acquisition, installation,
and nonrecurring logistics) and the continuing operations and maintenance
cost (recurring logistics). The total system cost is based on a 25-year .
life~cycle analysis. A life cycle of 25 years was used in order to project
the recurring logistics cost trends on the total life cycle independent of
the investment cost impacts.
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The cost-model outputs of Tables 5~1 and 5-2 are based on the data
developed in Chapters Three and Four. A 3 percent factory inspection cost
for all systems is included, in accordance with FAA practices. The out-
puts are in constant 1980 dollars (zero inflation rate) to permit compacison 1
of costs with those of any other life-cycle study of comparable length, - b
regardless of the start of implementation, providing that the base costs ;
are presented in 1980 dollars. Discounted costs are presented in Section
5.4,

gt Lty

A comparison of Tables 5-1 and 5-2 illustrates the expected decrease

in costs associated with increased manufacturing quantities. The largest

decrease is in the acquisition cost of the total systems. The acquisition

cost of $420.352 million for 180 systems is approximately 11l.4 percent less
k" | than that for the 75-system production run when compared over the entire
' LCC. Both the nonrecurring and recurring logistics total LCCs for the 180-
system production run are only about 6.7 percent less than those for the
75-system production run because of the number of cost elements in those cost
categories which are independent of production quantity. These cost elements
include all data elements such as inventory management, training, and
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data management other than spares. Installation costs do not change g

with production quantity, because those costs are site~dependent and &

: hardware-independent for system configqurations having an assumed average ; %
: installation cost. The overall effect of the production quantity price S
% reduction is a reduction of approximately 7 percent in the total life- #
° cycle cost -- from $1,258 million for the 75-system production quantity g
: to $1,168 million for the 180-system production quantity. i
. The 180~-system production run was selected to determine cumulative §
3 LCCs year by yeax. Figure 5~1 illustrates the LCC trends on a yearly 3
3 basis. As is the case with all tables and figures in this chapter, Figure E
3 S-1 is applicable only to the implementation strategy chosen; it more clearly 3
31 reflects the impact of each cost category on the overall LCC. Acquisition 3

costs were assumed to start at the beginning of the life-cycle period with
the purchase of the first systems and stop after 20 years, which was the
assumed acquisition period. Installation costs would start with the
deployment of the first systems, which was assumed to begin two years after

2 acquisition and run for 20 years. Recurring and nonrecurring logistics
costs have been combined to project the total logistic support costs. These
costs were also assumed to begin in the second year following acquisition
and continue through the life of the system. Figure 5-1 also shows that the
acquisition period is complete after 20 years, and that the installation of
all systems will have occurred within 22 years after program initiation.
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j Figure 5~1 reflects the total system implementation: a single-system

F configuration implementation is illustrated in Figure 5-2 for the Basic I
gystem and in Figure 5-3 for the SCMLS configuration. These figures are

1 similar to Figure 5~1 in the general trend of the curves and are considered
to be representative of the various configurations. All three figures show
acquigition costs to be a dominating factor in the life cycle. Logistics
costs will continue to accrue once the system is in place. Figure 5-3

illustrates the close relationship between the acquisition, installation,
and logistics costs for the SCMLS configuration.
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5.3.2 Logistic Support Costs

3 Logistic support (operations and maintenance costs) is the most com- :
plex of the cost categories. Acquisition and installation costs are depen-

dent on the number of systems boght and deployed. Logistic support costs,

on the other hand, are dependent on the cost of each subassembly of the .
total system, the implementation schedule, and the expected failure rates

and costs of repair. Also included in logistic support costs are the costs

of documentation and training associated with the new system.

Figure 5-4 illustrates the total logistic support cost taken from
Figure S5-1, as well as its two component parts -- nonrecurring and recurring
logistic support costs. Table 5-3 presents the nonrecurring and recurring
logistic support costs by cost element. The data management cost associated
with the SCMLS is larger than that for any Basic configuration Lecause of the
uniqueness of the SCMLS and the commonality among the Basic confiqurations.
The EAM used commonality among systems as a factor to reduce costs incurred.




L

P T T,

i lions of Constant 1980 Dollars)

Life-Cycle Cost

1,200 T T T T T T T T T T T T T T T T T T T T TT
1,100 }= Legend: N
emmmmmssse  'TOtal Cost
wem me == Acquisition Cost —j
1,000 |- eesacscses LoOgistic Support Cost ~
‘ e e asume Installation Cost l' 167.813
800 |~ _
700 P~ -
464.926
500 j— -
'l
420.352 ,¢°
400 o // "'0' -
7 el
Pid -7
00 = o7 T e282.53 7]
g . -
7 ','1"”’,,—’
200 pame "’o'/ —
":" -
U4
o MlllllllllllLlllllllll
1985 1990 1995 2000 2005 2010

Life Cycle (Years)

Figure 5-1.
180-SYSTEM PRODUCTION QUANTITY

CUMULATIVE LIFE-CYCLE COST -- TOTAL SYSTEM IMPLEMENTATICN,

3

o
S

3
%)

oy

s dsR ety

AN

S S -
" y L esndy e ot b . ‘;« .
AR o, ok TRy S A R Lo AR B S KAV XL SR 2 T e vey o TP

it wdedath i v Bt

el

FLpTIv,)

WO CR Rt ool o

S

RS 2t el R A, i o

J$deliideny




|

}
B

TR AR

=

AU R

2
2

T TR T4,

g 5
~ VAT Y Hiiar

AT

- "o, h“Wgwa-nﬂMﬂﬂl 1 C) iy o 5 - O N n -
< MRS R Lt iy G (T A R e P S e ey O

i,

I

K3 . e,
».;e,m.m i

gk

—— R

Al

P I A

ALILNYNO NOILONAONd WILSAS-08T
"SHALSAS v9b ~- I DISVE ¥0Od ISO0D TIDRD-FAIT FATIVIOWAD *Z~G 8Inbry

(sxeax) o9124AD =311

5002 000¢ S661 0661 $86T

T ama

&4

i LI N L B N N B N A s = 0

: L

1 S i -

emm S — —

‘I\l\llh\l.\l -

# 928°02T =22 7%~ oot

n \\\‘I\\\ — -—

3 - 0£6°ZLT = "

m - -4 00C ’,
H Vel
)
w ovZ TLT

RX=ss s

-

oo

L et

ar

;...

©66° V9V

AS0D UOTIETTEISUT comrn ouen cmmamme
3S0D 3a0ddng OFISTHOY cevecaves.
ISOD UOTITSTNDOY o e o oo

3S0D TPI0] eecmmmrae -

s puabary

4 1 & & ¢+ t ¥ &t § ¢ 1 1+t i}

.

00t

ooy

00s

009

(SzeTTOQ 086T IULISUCD FO SUOTTTTH) 350D 9704)-93T1

N L Y

Sl acte z s e Blaeote (i ks S_ o
;.v».w $ R (b B s Y flig izt it e 24 2414 v & ol 1£
“

a

bbby h £ e i34

fi Ll

&1 1) z.,.\..:.} <




E

SR VT DRSS NP WS

PR - § . vty

A Y RS T A A AR

s Al

T TRAT S g e R N N b ) SR LA R g e S e s

w ALIINVAG NOIIONAOHd
ﬂm WALSAS-08T ‘SWILSAS £9F —- STWOS ¥O4 LSOO ATDAD-3I™TT JATIINVINWND °*£-¢ 2Inbty
» (saeag) o104 2311
L 0102 5002 0002z G661 0661 S86T
: LU N T N L O O QOO s = o .
86Y * 68 - i £
I‘l!l'lm“\‘\ o
o~ - <
m o
2L °801 6v1°88 0
a
ot
— -1 002 = ~
o )
= 0
P
0
5
L —{ 00c ¢
0
. Lo
L€ 98¢ o
o)
S
« "
— — oot & i
ISOD UOTIETTELISUT e om s & b
350D 3xoddng 513STHO] ~=wecees = m
3S0) UOTITSTNDOY e = wm e ® ,,.w_
o ISOD TR0, e — 00§ g h
: puaha s ﬁ
= L
2 ] i
; o
A d ! \ 1,
__—__.____P__—_______L—_boow i
A
Vo
‘4 p <Q\.~w
3 ! .m
] -
<, - ) ’ 1 ] ’
ar wves v ex i 0 2 * ).Lw..
.sw.s. ke W26 Serrit d Bl ine 3 M IPe IOt t MR AS @ % AP Se e AR EOE €Wt SRS At AR - AT i.\r mn Moy . - .i 3 ; ) . 3 1
S e 50 es (g £ S 2y A DA T G AR e Sy BT RIS S it £y o HINS S s b R SO S AR S s s o rhiaas? gokibipats fedrait oo LA




==

T e v
SRITRE

LR

o
%

05 ’:*«é = Er Eﬁ. ,5. 8

SISN

ﬁﬂﬁﬂu@mﬂ@%««uﬁ%ﬂﬁﬁ&%ﬁ%@d&iﬁtﬁﬁ?,\ TR
4 .
¢

arkiiara sy Y

TN

R S S s R A I R TSR S AU T T

. -o.mlx, s

h)

ALTINYNO NOTLONAOYd WALSAS-0B8T

'NCILVINIWITAWI WALSAS TYLOL -- LS0D I8d0ddAS JILSIDOT FAAILYINWND

{saeax) arodD a3T1

‘b-g @anbrg

3 0102 5002 0002 G66T 066T S86T
T T T T 1 1 T T 1 T
5
ﬁ
¥ - 1ss°2 _— -
.m \\\\\\ -
by
i,
W i SLE"TLE
| - -
350D 3xoddng
- OT3ISTHOT BUTIINODIUON seem oo wmen -
350D 3aoddng
OYISTHOYT BUTIINODY ememm—mecmm—
3s0) 3xoddng
- ﬁ UMUWM.@QH TPROT, omwne em cwmne J
926 YoV : pusbory

&

Y

#_

wAS,
WWEnaﬂﬂﬁ%zmﬁﬁmaqu§W§EBE@B?En 7

00t

ooz

8]0}

ooV

0os

009

BRSO T L 3L .,

(saeTToq 086T IULISUOD JO SUOTTTTW) 3IS0) 3xoddng o13SChOT

¥

3

5-8




Gy A s oworareemres St < A S S st e, . o0,

ORIy AT i&s!:ggg}gy@’;ggg;asa%zeszy{ z
h o

l Tabla 5-3. CUMULATIVE LOGISTIC SUPPORT QUSTS FOR MLS SHOUND SYLTUMS
‘ost by System Type
(M{1lllone of Constant L9RO Dxollarm)
Tame, Categoty Tetal
SCMLS . Baaic T . .
RCUMiS Back Azimuth Basic L pack Azimuth Rasic 1T Expanded
Nonrecurring C

Spares® 7.674 2.138 13.023 2.51¢ 11.503 10.341 47.491
Invantory Manacement 0.036 0.000 0.037 0.000 0.037 0,037 0.147
Svopart Equipment 0.120 0,190 9.0u8 0.798 0,998 0,098 0.772
Trawnina 0,660 0.033 1.189 n.123 0.775 0.278 3.058
Data Managemant 15.720 0.000 7.860 0.000 7.860 7.860 39.300
Transportation 0.424 v.025 G.710 0.117 C. .5 ¢.132 1.783

Total | 24.704 2.386 22.977 2.850 25.908 18,726 92.551

Recurring Costs

Spares* 43.540 3.7 65.003 9.276 36.132 24.891 162.013
On-Site Maintanance 26.056 1.418 44,955 4.197 21.5% 9.286 108.102
22f-Site Maintenance | i4.220 0. 342 21.730 1.197 7.417 3.041 48.147
Inventory Managemant 0.104 0.000 0.107 0.000 0.102 0.102 0.415
Support Equipment 0.011 0.000 0,039 0.062 0.030 0.014 0.096
Training 0.963 0.J950 1.688 0.176 0.812 Q.347 4.036
Data Managemant 7.176 0.900 2.1%3 0.000 2.059 2,059 13.447
Facilities 1.794 0.000 1.794 0.000 1.716 1.716 7.020
Site Operation 4.15% 0.210 10.594 0.387 5.478 2.264 23.099

Total | 84.020 S.192 148.263 15.845 75.336 q3.720 3172.375
*Spares costs are hased on a threa~year production run of 1RO SCMLS or 180 Basic systems.

5.3.2.1 Nonrecurring Logistic Support Cost

Nonrecurring logistic support costs are costs associated with the
initial deplcyment of a system -- including costs for providing the initial
sprares and support equipment required to stock the pipelines and all
maintenance facilities, for introducing new coded supply items in the user
inventory, for training maintenance personnel to work on the MLS equigmernt,
for providing the necessary technical manuals and other documentation, and

for transporting the system to its initial destination.

All of these cost

elements and their eguations are explained more fully in Appendix D.

Nonrecurring costs cccuv when the system is deployed.

son for the large jump in the LCC shown in Figures 5-1, 5-2, and 5-3.

This is the rea-

Figure

5-4 illustrates comparatively little growth in the no: -~ :urring logistics

curve over the life cycle.
tem is introduced, most costs become recurring.
tives must be maintained at constant levels.

This is to be expected. because oncz the sys-~
i.owever, stocking cbjec-
Speres lost to accidents,

theft, or in the pipeline are accounted for by the condemnation factor and
replaced as nonrecurring.
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é; 5.3.2.2 Rscurring Logistic Support Cost

E Recurring logistic support costs are costs associated with operating

E: and maintaining the deployed MLS over its active life. Figure 5-4 illustrates .

the expected increase in recurring logistic support cost as the number of

svstems deployed is increased. The major contributors to recurraing logistic !
support costs are the co3ts associated with spares and on- and off-site

Y- maintenance.

3
2
7
i
A
b
P}
2,
:
&3
3
73
£
7
¥
?’S
‘)‘
1
%:_

%
& Other recurring logistic support costs include those for operating

ﬁ the MLS sites and the maintenance support equipment when used, training

3 additional MLS maintenance personnel as a result of repair personnel turn-
5 over, and keeping the technical documentation current over the life of the
% gystem.

9 The facilities cost element represents the recurring orerating cost
of the hub or depot maintenance facility, which is apportioned to the MLS.
. This includes costs for rent, electricity, and general tools. It was
5 agsumed that no new maintenance facilities would be required for the MLS,
8 since all maintenance would be performed within the centralized mainte-
4 nance hub. Therefore, all required central monitoring equipment was con-
3 giderad to be in place at the facilicy. Facility costs were assumed to
be a fixed $1,000 for each MLS configuration (other than back azimuth)
associated with each maintenance hub over the entire life cycle.

R E AR A R ottt YR

(onr?

-
SR EOERA

5 The recurring on- and off-site maintenance costs illustrated in Table
5-3 include the cost of labor and the material cost of repair associated

O

bt with each maintenance action. On-site maintenance includes both corrective
b and preventive maintenance; off-site maintenance includes both hub and depot-
i le el repair. ’
- 1
K:% Table 5-4 illustrates the cumulative labor costs associated with main-
B taining the various MLS configurations over the 25-year life cycle. These
ﬁ costs are dependent on the implementation strateqy employed and the MTBF
] associated with each subassembly of each MLS configuration; they are
> independent of the actual cost of the MLS system or subassembly, however,
F: because they are predicated on actual maintenance hours required. i

‘3 On- and off-site maintenance costs were calculated on the basis of

& maintenance hours devoted to the MLS rather than the cost of maintaining a
G minimum maintenance staff capable of providing 24 hours of maintenance )
; coverage for the MLS. To calculate training costs, we assumed that a
':i{ minimun staff of five people plus one floater would be assigned to a mainte-
z: nance hup, although these personnel would not be dedicated to the MLS. We

computed the training costs so that there would be an 84 percent probability
that a technician would be available to work on the MLS when reqguired.

14
L.
. : .
P it

More interesting are the expected annual maintenance costs associated
w1 full system deplovment. These costs are presented in Table 5-5 in both
u.sars and the expected annual maintenance hours required for each system
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configuration and the four maintenance categories. These costs assume that
the maintenance s<enario of Chapter Four is used; they are illustrated for
the twenty-fifth year of the life cycle. Therefore, they include replace-
ment of shelters, antennas, chassis, and other items that would be reptaced

on site,

5.4 DISCOUNTED LIFE-CYCLE COSTS

OMB Circular A-94 requires that life-cycle costs be discounted to
reflect the opportunity cost of money. This means that money spent during
a particular year has a greater impact on cost than does money spent one
year later (assuming that all economic factors remain constant). The
expected opportunity cost is the fact that the money spent could have been
invested to yield a rate of return. OMB specifies that because the expected
rate of return is 10 percent, money should be discounted at 10 percent.
Thus, one 1980 dollar will be worth approximately 62¢ in 1985 when the MLS
acquisition begins, 15¢ when acquisition ends, and 9¢ when the life-cycle

analysis is terminated.

We discussgsed the as.umption of a 10 percent discount with OSEM-200
versonnel and developed best~case and worst-case economic scenarios for the
next eight years. We considered productivity, cost of capital, inflation
rates, and expected technological changes. The variability in rates when
these considered factors were combined predicted a rate of return of 9 per-
cent in the worst case and 10.5 percent in the best case. Since these
numbers very nearly reflect the requirements of OMB A-94, a discount rate
of 10 percent was used for our analysis.

The tabulated results for a producticn run of 180 systems is shown in
Table 5-6; the cumulative total is graphically illustrated in Figure S5-5
and compared with the total nondiscounted LCC of Figure 5-1.
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CHAPTER SIX

SENSITIVITY OF THE MLS GROUND SYSTEM COST
‘ ANALYSES TO PARAMETER VARIATIONS AND ALTERNATIVE ASSUMPTIONS

A N R R A N e

When the data in Chapters Three, Four, and Five were developed for the
cost analyses of the MLS ground system concepts, assumptions had to be made
regarding system configurations, reliability, and implementation scenarios.
A change in these assumptions would affect the overall costs. Because of
this fact and the fluid environment in which MLS decisions are necessarily
made, the EAM was exercised to determine cost sensitivity to alternative

scenarios.

3
:
3

The cases considered in these other scenarios were as follows:

Sensitivity of life-cycle costs to variations in system MTBFs

AR A b NI
L]

* Shelters veisus weatherproof enclosures for Basic I MLS sites

e Use of an azimuth beamwidth of 2° in lieu of 3° for the SCMLS

¢ Coverage of 40° for the SCMLS

* Implementation strategies
* Production schedules for MLS equipments

L, v - o Lo dd
&c\x&m.«aﬁmamm.«:em:x{-«x&mzm:&;;:;mm@‘zm&zmmmﬁmmw«

6.1 SENSITIVITY OF LIFE-CYCLE COST TO VARIATIONS IN MTBF

B,

In an economic analysis of any system, MTBF is usually difficult to
predict accurately. However, it has a major impact on the life-cycle cost,
especially when the spares cost is statistically dependent on the MTBF of
each subassembly. Because we took the MTBF from PRICE or GIFRDE data instead e
of conducting an in-depth reliability analysis of the MLS subassemblies, we
evaluated the effect of variations in MTBF on the life-cycle costs of MLS

) ground systems. Figure 6-1 illustrates the effect that variations in the
parametric MTBFs would have on the life-cycle costs predicted for the various

MLS configurations and for the entire system implementation.

Since each MLS configuration has a unique MTBF, the configurations were
normalized to allow a comparison of systems and a projection of the impact
that variations in MTBF would have on the total system implementation.
Figure 6-1 illustrates that in general, the LCCs of the SCMLS, Basic II, and
Expanded configurations are relatively insensitive to variations in MTBF.
The Basic I configuration appears tc be the most sensitive, as it lies the
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farthest on the knee of the cost-versus-MTBF curve. This insensitivity to

MTBF is not unexpected, because in the centralized maintunance scenario,
raintenance costs are not a dominating cost driver in the LCC. This is
easily seen in Table 5-2, which shows that recurring iogistics, installa-
tion, and acquisition costs are of the same relative magnitude, and in Table
5-3, which shows that of the recurring and nonrecurring logistic suprort
costs, maintenance-peculiar items make up only about 13 percent of the

life~-cycle costs.

The total implementation curve in Figure 6-1 shows the cumulative
effect of MTBF variations. The curve trend appears to be dominated by the
Basic I system, which is expected because of the number of these systems
implemented. The normalized MTBFs sho'sr in Figure 6-1 are total system
serial reliabilities and include not on., =tive electronics, but enclosures,
air conditioners, and all the peripheral equipment that make up a complete

MLS configuration.

6.2 SHELTERS VERSUS WEATHERPROOF ENCLOSURES

The MLS is designed to be installed with weatherproof enclosures or in
shelters. Redundant electronics associated with the Basic II and Expanded
confiqurations are expected to be housed in shelters because of the quantity
of equipment; SCMLS equipment is expected tc be housed in weatherproof enclo-
gsures because of the small gquantity of equipment. Basic I equipment may be
housed in either weatherproof enclosures or shelters, depending on the
desired implementation policy. Since the baseline analysis was directed
toward a Basic I configuration in a shelter, we investigated the alternative

scenario of Basic I housed in a weatherproof enclosure.

We assumed a packaging of the electronics in nonenvironmentally con-
trolled, weatherproof cabinets, with an assumed cabinet cosc: of §1,500.
shelters and air conditioners were eliminated, for an approximate scving in
equipment costs of $35,000. Installation costs were also reduced by the
elimination of the shelter concrete pads, the wiring and trenching from the
shelters to the antennas, and the waveguide-pressurization requirement. This
resulted in a reduction in installation costs of approximately $35,000. The
total reduction per installation was $70,000. No repackaging of DME was

considered.

The

Table 6-1 compares the life-cycle costs associated with Basic I shelters
Acquisition costs are reduced by approximately

and weatherproof enclosures.
The costs ¢of nonrecurring

10 percent and installation costs by 13 percent.
logistics are approximately the same, as is expected, since, as illustrated
in Table 6~2, the initial nonrecurring costs are overwhelmingly influenced
by initial spares, training, and data management, These costs would not
change if the equipment reliabilities were not affected by the weatherproof

enclosure. There is a small change in initial shipping costs because of the

reduction in shipping weight.
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Table 6-1. LIFE~-CYCLE COSWS POR BASIC I MLS
SHELTER CONFIGURATIONS, BASED ON
THREE-YEAR PRODUCTION RUN, 180
BASIC SYSTEMS

g

%

3

B

%‘

é Cost by Configuration 7
(Millions of Constant %

: Cost Category 1280 Dollars) g
Shelters Weatherproof 2

3 Enclosures i
7 £
E b
: Acquisition 172.930 155.818 £
2 E
Installation 120.826 104.725 :
£ Nonrecurring Logistics 22.977 22.734 :
£

Recurring Logistics 148.263 130.622 8

4

. Total | 464.996 413.899 3

5

B3]

‘.;

With the exception of recurring spares, Table 6~2 shows no basic change lg

in recurring costs. These recurring spares are the shelters themselves.

Each shelter was assumed to have an MTBF of 15 years. A deployment of 464

Basic I systems would require 928 shelters. Under the implementation sched-

ule of strategy 9, the MTBF over a 25-year life cycle would necessitate .
replacement of 528 of these shelters at a cost of approximately $10.3 mil-

lion (1980 dollars). Figure 6-2 graphically illustrates the life cycle for

a shelterized Basic I MLS and a Basic I MLS in a weatherproof enclosure.

The total life-cycle cost for a weatherproof-enclosed Basic I configuration

is approximately 1l percent less than that for a shelterized Basic I config-

uration for the given implementation strategy.

2

6.3 AZIMUTH BEAMWIDTH AND COVEPAGE FOR SCMLS

The thinned- array SCMLS configuration of 3° azimuth and 2° elevation A
is representativc of the prototvpe SCMLS. The 3° azimuth beamwidth could be i
runway-~length constrained under conditions of severe multipath. A configu-~ i
ration with a narrower beamwidth would obviously be less constr~ined. The
SCMLS configurations were also limited in proportional guidance coverage to
+10° because of the thinned-array technique employed. To investigate cost
versus versatility of the SCMLS configurations, we assumed a new design for
a 2° azimuth beamwidth SCMLS and a +40° proportional guidance azimuth SCMLS.

6.3.1 2° Azimuth Beamwidth SCMLS

To obtain a 2° azimuth beamwidth SCMLS, we expanded the azimuth chassis
and radome to accommodate 4 additional phase shifters and 16 additional

6-4
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Table 6~-2. CUMULATIVE LOGISTIC SUPPORT COSTS
FOR BASIC I MLS SHELTER
CONFIGURATIONS

Cost by Configuration
(Millions of Constant
Cogt Category 1980 Dollars)
Shelters Weatherproof
Enclosure
Nonrecurring Costs

Spares* 13.023 13.023

Inventory Management 0.037 0.037

Support Equipment 0.098 0.098

Training 1.189 1.182

Data Management 7.860 7.860

Transportation 0.770 0.534

Total 22.977 22.734

Recurring Costs
Spares* 65.003 47.605
On-Site Maintenance 44,955 44.774
Off-site Maintenance 21.930 21.876
Inventory Management 0.107 0.107
Support Equipment 0.039 0.038
Training 1.688 l.681
Data Management 2,153 2.153
Facilities 1.794 1.794
Site Operations 10.594 10.594

Total 148.263 130.622
*Spares costs are based on a three-year
production run of 180 systems.

waveguide elements, in accordance with Hazeltine literature describing ways
to expand the COMPACT '™ array. Changes were made to the antenna PCB and
column radiator to increase their length. Other changes were made in con-
nectors and power dividers. It was assumed that no changes were required
in the electronics and power supplies that would affect cost. The overall
change in acquisition cost was approximately $6,400 for the azimuth antenna
subsystem, or an increase in price of approximately 10 percent.
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6.3.2 240° proportional Guidance Coverage SCMLS

A thinned~array concept is of itself limited in coverage. Ordinary
thinning can result in high sidelobes. The COMPACT ™™ system was developed
to produce accurate beam scanning while maintaining acceptable sidelobe
levels. To achieve a wide-coverage scan with the SCMLS of this study, the
array must be refilled so that each element is excited by its own phase
shifter. Thus, to attain a +40° coverage, 3° azimuth beamwidth SCMLS, we
added adequate phase shifters, drivers, and connectors to fill the antenna
array. An increased cost was assumed for the BSU, monitor electronics,
antenna PCB, and column radiator. There were no changes assumed to be re-
quired for the azimuth chassis, radome, or power supplies. The overall

change in acquisition cost from the +1C° coverage, 3° azimuth beamwidth SCMLS

would be approximately $18,300, or an increase in the azimuth subsystem of
29 percent.

The same coverage assumptions were applied to the 2° azimuth beamwidth
system to determin2 the acquisition cost for a +40° coverage, 2° azimuth
beamwidth system. The cost of this azimuth subsystem would be approximately

$29,000 over the +10° coverage, 3° azimuth beamwidth -- an increase in acqui-

sition cost of approximately 46 percent.

6.3.3 Cost Impacts

Table 6-3 compares the life-cycle costs associated with the different
SCMLS azimuth configurations and illustrates the expected increase in acqui-
sition and nonrecurring and recurring loygistic support zosts with increased
SCMLS accuracy and coverage capabilities. A narrower beamwidth resuits in
an increase in life-cycle cost of approximately 3 percent, while wider cov-
erage incurs a 9.5 percent increase. A narrower beamwidth combined with

wider coverage results in an increase in life-cycle cost of approximately
15 percent.

Table 6-3. LIFE~-CYCLE COSTS FOR DIFFERENT SCMLS AZIMUTH CONFIGURATIONS,

BASED ON THREE~-YEAR PRODUCTION <UN, 180 SCMLS

Cost by SCMLS Configuration

(Millions of Constant 1980 Dollars)
Cost Category

3° azimuth 2° Azamuth 3° azimuth 2° Azimuth
+10° Coverage | +10° Coverage | +40° Coverage | +40° Coverage
Acquigition 88.149 91.184 96.873 102.045
Installation 89.498 9.498 89.498 89.498
Nonrecurring Logistics 24.704 25,006 25.879 26.447
Recurring Logistics 84.020 89.651 101.324 112.020
Total 286.371 295.339 313.574 330.010
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Table 6-4 separates the logistics costs of Table 6-3 into the various
logistic support cost categories and illustrates that the cost drivers in - g
the logistic support costs are gpares and on~site maintenance. 7This i g
bacause the increased parts associated with the various SCMLE contigurations g
reduce the overall gystem reliability and increase the demand for spate i %
parts and on-site maintenance. ’
’l
%
Table 6-4. CUMULATIVE LOGISTIC SUPPORT COSTS FOR DIFFERENT SCMLS 3
AZIMUTH CONFIGURATIONS %
Cost by SCMLS Configuration %
(Millions of Constant 1980 Dollars) %
Cost Category 3
3° Azimuth 2° Azimuth 3° Azimuth 2° Azimuth 3
+10°® Coverage | +10° Coverage | +40° Coverage | +40° Coverage 3
3
Nonrecurring Costs ?
Spares* 7.764 7.922 8.716 9.189 3
b
Inventory Management 0.036 0.036 0.036 0.039 f
Support Equipment 0.190 0.190 0.190 0.190 J
Training 0.660 0.714 0.793 0.885 g
\ Data Management 15.720 15.720 15.720 15.720 ,%
Transportation 0.424 0.424 0.424 0.424 =
3
Total 24.704 25.006 25.879 26.447 g
: 3
I Recurring Costs %
d * 3
j Spares® 29.540 32.932 41.344 48.206 %
! w
' On-Site Maintenance 26.056 28.167 31.356 35.005 g
Off-Site Maintenance 14.220 14.268 14.220 14.268 "7
Inventory Management 0.104 0.104 104 0.194 3
] Support Equipment 0.011 0.014 0.v.? 0.022 ¥
i Tr-ining 0.963 1.040 1.157 1.289 .
E Data Management 7.176 7.176 7.176 7.176 . T3
; i
| Facilities 1.794 1.794 1.794 1.794 %
Site Operations 4.156 4.156 4.156 4.156
Total 84.020 89.651 101.324 112.020
*Spares costs are based on a three-year production run of 180 SCMLS.

6.4 IMPLEMENTATION STRATEGIES

_ The costs determined in this study are directly affected by the MLS
implementation strategy employed. The EAM integrated acquisition costs,




-nstallation co+ .8, and implementation strategy to develep the life-cycle
cogts. To test the sensitivity of the LCC to the implementation strategy
and to investigate alternative methods of implementation, we analyzed three
different strategies derived from the basic iniplementation scenario. We
also investigated a new implementation strategy designed around a 1,250-
system acquisition over 15 years.

6.4.1 Faster Implementation Rates

The implementation strategy used in the LCC study was based on a 20~
year acquisition and deployment schedule. Using the same guidelines with
respect to quantities of sys:a=ms deployed, we developeu l0-year and 15-year
acquisition and deployment schedules.

The 10-year schedule was developed by combining the systems acquired
during the first two years of the 20-year plan (see Taole 4-3) into the first
year, combining those acquired .luring the third and fourth years into the
second year, and so on, until the nineteenth and twentieth years were com-
bined to generate the tenth year of implementation. The resulting schedule
is illustrated in Table 6-5.

Table 6-5. MLS GROUND SYSTEM ACQUISITIuUN SCHEDULE WITH 10-YEAR IMPLEMENTATION

Ssten i985 § 1986 | 1987 | 1988 | 1989 | 1990 j 1991 | 1992 | 1993 | 1994 { Total
Expanded ) 9 9 0 0 4 8 8 9 10 62
Basic II 8 16 15 0 0 16 32 32 34 35 188
Basic I a8 63 63 50 50 46 39 36 39 40 464
SCMLS l 101 28 29 49 50 45 39 42 42 38 463

Additional Azimuth Systems to be Acquired for Back Az.muth

Basic I 7 12 12 10 10 9 8 8 8 8 92

SCMLS 10 3 1 3 5 ) 4 4 4 4 4 46

The L5-year schedule was cdeveloped by taking the systems acquired Jur-
ing the last five years of the 20~ycar implementation plan (ses Table 4-3)
and distributing them equally over the first 15 years where possible. Most
of the expanded systems were left t~ be acquired in the later yeare, iust
as in the 20-year implementation plan. Table 6-6 shows the resulting
schedule,

The intent in developing 15- and 20-year implementation plans was to
acquire the same n- mber of systems in a manner similar to that of the 20-year
implement.tion strategy. The total a:juisition, in-tallation, an¢ nonrecur-
ring logistics costs will b2 the same for any implementation strategy
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acquiring an equal number of systems as long as constant dollars are.used.
The shapes of the cost trends when graphed are different, becaute they are
occurring at different rates. Accordingly, these three costs ake not pre-
sented here. Recurring logistics costs are time-dependent, however, even

in constant dollars, because spares and maintenance actions depend on system
MTBF. A faster implementation rate would increase the recurring lugistics
costs.

Table 6-7 summarizes the cumulative recurring logistic support costs
associated with the three implementation schedules. Table 6-8 breaks these
costs down into the recurring logistic support costs component parts and
illustrates that the percentage increase in recurring costs witin more rapid
implementation is dependent on the system configuracion deployed. The larg-
est increases in cost are from spares and on- and off-site maintenance. As
expected, site operations costs also increase with a more rapic deployment.

Table 6-7. TOTAL RECURRING LOGISTIC SUPPORT COSTS FOR MLS GROUND SYSTEMS WITH
DIFFERENT IMPLEMENTATION STRATEGIES
Cost by System Type
(Millions of Constant 1980 Dollars)

Trplementation . "
Plan SCMLS Basic otal
Back . back .

SCMLS Azimuth Basic 1 Azimuth Basic I1 | Expanded
10-Year 106.013 5.804 192.321 19.289 112.425 55.394 491.246
15-Year 95.015 5.570 168,717 17.226 101.317 47.957 435.802
20-Yuar 84.020 5.191 146.263 15.845 75.336 43.720 372.375

Figure 6-3 illustrates the recurring cost trends associated with the

different implementation schedules.

schedule illustrates that recurring costs become essentially constant aiter
the system is fully deployed.

5.4.2 Single-System Implementation

As an alternative implementation strategy, we investigated implementing
only one type of MLS configuration. For this analysis we used the 20-year
implementation strategy and combined the number of different systems acquired
in any one year into a total number for acquiring one system in that year.

We chose the Basic I system as the system to be implemented. While it was
assumed that 20 percent of the back azimuth systems would be implemented,
those costs are not included in the following tables; thus, a direct compari-
son may pe made between total systems implumented.

The curve for the 10-year implementation
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Table 6-8. CUMULATIVE RECURRING LOGISTIC SUPPORT COSTS FOR MLS GROUND SYSTEMS WITH
DIFFERENT IMPLEMENTATION STRATEGIES

Cost by System Type
(Millions of Constant 1980 Dollars)

Cost Category souws SCMLS Back Agimuth Fawac 3

10-Year | 15-Year | 20~Year | 10-Year | 1S-fear | 20-Year | 10-Year | 15~Vear | l0-Year

Spazes 37.778 33.648 29.540 3.262 3.227 3.171 82.968 73.388 65.003
On-8ite Maintsnance 33.905 29.9686 26.056 1.766 1.633 1.418 59.713 51.781 44.955
Ooff-g8its Maintensnce 18.562 16.394 14.220 0.442 0.403 0.342 29.190 25.288 21.930
Inventory Management 0.104 0.104 0.104 0.179%0 9.000 0.000 0.107 0.107 0.107
Support Equipment 0.015 0.013 0.011 0.000 0.000 0.000 0.051 0.045 0.039
Training 1.254 1.109 0.963 0.063 0.05%9 0.050 2.244 1.945 1.688
Data Managsment 7.176 7.176 7.176 0.00C 0.000 0.000 2.153 2.153 2.153
Facilities 1.794 1.794 1.794 0.000 0.000 0.000 1.794 1.794 1.794
Site Operation 5.475 4.791 4.156 0.271 0.248 0.210 14.101 12.216 10.594

Total 106.013 95.015 64.020 5.804 5.570 5.191 192.321 | 168.717 | 148.263

Basic I Back Azimuth Basic IX Expanded

Cost C gory
10-Year | 15-Year | 20-Year | 10-Yoer | 15-Year | 20-Year | 10-Year | 15-Year ! 20-Year

Spares 10.567 9.780 9.276 50.982 46.553 36.132 29.655 26.554 24.891
On-8ite Maintenance 6.348 5.429 24.797 35.004 31.047 21.590 13.429 1G.867 9.286
Off-gite Maintenance 1.6C6 1.364 1.197 12.9091 2713 7.417 4.436 3.575 3.041
Inventory Managesent 0.000 Q.900 0.000 0.102 92.102 0.102 0.102 0.102 0.102
Support fquipment 0.002 0.002 0.002 0.050 0.044 0.030 0.020 0.016 0.014
Training 0.233 0.199 0. 174 1.319 1.170 0.812 0.503 0.407 0.347
Data Management 0.000 0,000 0.00C 2,153 2.059 2,059 2,153 2.059 2.059
Pacilities 0.000 0.000 0.000 1.794 1.716 1.716 1.794 1.716 1.716
Site Operation 0.533 9.452 0.397 8.330 7.913 5.478 3.302 2.661 2.264

Total 19.289 17.226 15.845 112.425 | 101.317 75.336 55.394 47.957 43.720

Table 6-9 shows the life-cycle costs associated with the single-system
implementation strategy and shows the total costs from Table 5-2, with the
SCMLS and Basic I back azimuth systems eliminated for comparison purposes.
Table 6-9 also shows that & single-system implementation is more costly in
the acjaisition and installation cost categories. Since the lower-cost SCMLS
configarations were eliminated from consideration, this is not unexpected.
Nonrecurring logistic support costs are about 35 percent less than those for
the four-system implementation; recurring logistic support costs are essen-
tially equal.

Table 6-10 illustrates the cumvwlative logistic support costs of the
all-Basic I implementation and compares these costs with those from Table
5~3. The cost of initial spares is about $15 million less than for the four-
system implementation. The other aonrecurring costs are approximately equal,
with the exception of data meznagement. Data management is less because of
the single configuration (Basic) versus the SCMLS and Basic ccnfigurations
in the mixed-system implementation.
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Table 6-9. LIFE-CYCLE COSTS FOR DIFFERENT
IMPLEMENTATION STRATEGIES

Cost by System Type :
(Millions of Constant :
1980 Dollars)

i
Fo e RN WS SN BT I AT BB e e e A

Cost Category
All Basic Mixed .
(1,177 Systenms) Implementation
! (1,177 Systems)
Acquisitios 438.660 402.744 3
Installation 302.724 279.591
Nonrecurring Logistics 56.748 87.315 5
2
Recurring Logistics 343.521 351.339 g
Total* 1,141.653 1,120.989 a
o
u *No back azimuth costs are included in totals. ;
j

Table 6-10 shows the cost of recurring spares to be about 6 percent
less than that associated with the four-system implementation. This is true
even though the Basic I configuration would be implemented with shelters. .
Such an implementation means that we would install 926 more shelters than
with the strategy employed in Chapter Five. This is important to note con-
sidering the impact of shelters on spares as previously discussed. On- and
off-site maintenance costs are higher with the single-system implementation.
As shown in Table 6-2, maintenance costs do not change significantly between
the sholters and weatherproof enclosure configurations.

q”“'i&i-""‘"" N

Tables 6-11 and 6-12 present the cumulative labor costs and expected
annual maintenance :osts, respectively, for the single-system implementation
and compare these costs with those from Chapter Five. Table 6-11 shows
that corrective maintenance costs and both base-level and depot-level repair
costs are higher with the single-system implementation; prevantive mainte-
nance costs are slightly lower. Table 6-12 shows that more annual mainte-
nance hours would be required with the single-system implementation, at a
cost of approximately $0.35 million per year. This is due in part to the
removal of the relatively simple SCMLS configuration from the implementation.

6.4.3 Transition Plan Strategy

During the course of this LCC study, a new transition plan strategy
was developed by the FAA, requiring implementation of 1,250 systems over a
15~year period. Since no mix of systems was hypothesized, we used the same
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Table 6-10. CUMULATIVE LOGISTIC SUPPORT COSTS

m
i
. 22
SN YIRS R A P W s e 2

¢ Cost by System Type
. (Millions of Constant i
» ) 1980 Dollars) ! %
! Cost Category 2
; Mixed 2
- ) All Basic Implementation 3
g 77 8
E (1,177 Systems) | (1197 systems) ;
: ;
g Nonrecurring Costs k
¢ :
] Spares 27.804 42.841 :
% Inventory Management 0.112 0.147 7
E Support Equipment 0.294 0.484 3
4 Training 3.004 2.902 ;
g Data Management 23.580 39.300
§ Trangportation 1.954 1.641 g
3 §
: Total* 56.748 87.315 ~§
» t
Recurring Costs %
1 Spares 146.751 155.566 3
3 On-Site Maintenance 109.000 101.887 . %
Off-Site Maintenance 53.483 46.608 g
3 Inventory Management 0.312 0.415 ;
3 Support Equipment 0.094 0.094 ;
3 Training 4.097 3.810 3
4 Data Management 2.153 13.447 3
Facilities 1.794 7.020 T4
Site Operations 25.837 22.492 E
Total* 343.521 351.339 i
*No back azimuth costs are included in totals. ?
o
H
“.
g mix used for the basic analysis to investigate this new plan, which is shown 3
: in Table 6-13, The major impact of this plan would be the acquisition of a 3
set number of systems each year. ES
E7
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Table 6-11.

CUMULATIVE LABOR COSTS

Cost by System Type
(Millions of Constant
1980 Dollars)

Labor Category

All Basic
(1,177 Systems)

Mixed
Implementation
(1,177 sSystems)

Corrective Maintenance 91.972 85.205
Preventive Maintenance 4.486 5.063
Base-Level Repair 20.658 17.845
Depot-Level Repair 1.279 1.106

Total* 118.395 109.219

*No back azimuth costs are included in totals.

Table 6~12. EXPECTED ANNUAL MAINTENANCE COSTS

Labor Category

Cost by System Type
(Millions of Constant
1980 Doilars)

All Basic
(1,177 Systems)

Mixed
Implementation
(1,177 systems)

Hours* Cost

Hours Cost

Corrective Maintenance
Preventive Maintenance
Base-Level Repair

Depot~Level Repair

462.7 | 6.747

21.6 | 0.324
87.1 } 1.517
4.5 1 0.094

446.4 | 6.510

21.6  + .350
79.5 | 1.384
4.2 | 0.086

Total#**

575.9 | B8.682

551.7 | 8.330

*Thousands of hours.

**No back azimuth costs are included in totals.
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T >le 6~-14 shows the LCC result= of using this implementation strategy
with the unit acquisition costs developed in Chapter Three and the installa-
tion costs developed in Chapter Four. Table 6-15 illustratas the cumulative
logistic support costs, Table 6-16 shows the cumulative labor costs, and
Table 6~17 illustrates the expected annual maintenance costs for the 1,250-
system implementation plan. The acquisition, installation, and nonrecurring
logistics costs of the new plan are similar to those of the basic analysis
in Chapter Five, because a similar number of systems would be purchased. .
The recurring logistics costs are similar to the lS5-year implementation plan
of Section 6.4.2. The cumulative LCC is illustrated in Figure 6-4.

6.5 PRODUCTION SCHEDULES FOR MLS EQUIPMENTS

Production schedules for MLS equipments are particularly important
when implementation strategies are being considered. A rapid implementation
schedule may require that similar systems be produced by more than one manu-
facturer. This wculd occur if implementation schedule requirements exceeded
the capacity of a single manufacturer to prcduce a particular MLS

3 configuration.

SVIMRTE O e SR T A by o3 SOV IS, AT s b Dt 20 La

1 To investigate the ramifications of this, we analyzed and interpolated

the data generated during the course of this study. Since the Basic config-~

uration data were developed for three different configurations in each pro-

duction run, we locked at the SCMLS data so that we could directly compare

e, single systems. We used the acquisition cost data from the 75-system SCMLS
production run to represent two manufacturers producing a configuration
similar to their own designs based on a performance specification. We com-
pared those LCC results to data based on the 145-system SCMLS acquisition

. cost. These data represented one manufacturer with the production capacity

: approximately equal to the first two.

E We assumed that, although the two systems are different, they have the
same number of components with similar MTBFs. This assumption implied that
the techniques are the same and that all components are similar but not
identical (e.g., board layouts may be different, and waveguide elements
: radiating slots may be cut at different angles). This assumption also allowed - 3

us to use the existing acquisition data base. The results of the LCC compar- ¢
ison are shown in Table 6-18. Total SCMLS acquisition was from the Basic

implementation strategy.
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As Table 6-~18 illustrates, the combined acquisition cost of systems
obtained from two manufacturers exceeds that of systems obtained from one
manufacturer by $6.9 million, or 7.7 percent. This is expected because of
the higher acquisition costs associated with smaller production runs. (Unit
system costs would be $203,300 for a 75-unit production run and $188,800 for
a 145-unit production run.) Acquisition costs in Table 6-18 include the
3 percent factory inspection cost.

TR
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B Total installation costs shown in Table 6-18 are the same for each manu-
& facturing method, because installation costs are independent of manufacturing
costs, assuming that the installations are similar.
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Life-Cycle Cost (Millions of Constant 1980 Dollars)
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Table 6-18. LIFE-CYCLE~COST COMPARISON BETWEEN SINGLE MANUFACTURER
AND DUAL MANUFACTURERS OF SCMLS EQUIPMENT
Costs (Millions of Constant 1980 Dollars)
' Dual Manufacturers**
Cosgt
Categor Single
gory Manufacturer* Manufacturer Manufacturer Total
(463 Systems) “a" 'B" (463
(231 Systems) (232 systems) Syste:s)
Acquisition 90.037 48.371 48.581 96.952
Installation 89.498 44.652 44.846 89.498
Nonrecurring 24.882 25.407 25.407 50.814
Logistics
Recurring 84.865 65.202 65.302 130.504
Logistics :
Total 289.282 183.632 184,136 367.768
*Based on a production rate of 145 SCMLS systems over three years.
**3aged on a production rate of 75 SCMLS systems over three years.

The nonrecurring logistics cost for the dual manufacturers is double
that of the single manufacturer, because it was assumed that the designs
would produce a completely different set of initial spares due to different
card layouts and design techniques. These different designs would also
create different maintenance manuals, the costs of which would appear in
the nonrecurring costs.

The recurring logistics costs for each of the dual-manufacturer systems
are about 77 percent of those for the single-manufacturer system. This is
because the maintenance costs, facilities costs, and site operations costs
are divided between the two systems. However, the other recurring cost fac-
tors are considered to be unigue to each system. Table 6-19 shows both non-
recurring and recurring logistic support costs. Again, the ma‘jor cost
drivers are recurring spares and data costs. The table also shows that
the total combined recurring logistic support costs of the dual manufacturers
are approximately 54 percent greater than those for a single manufacturer.
Overall acquisition through dual manufacturers would increase the LCC over
that for a single manufacturer by 27 percent.
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Table 6-19. CUMULATIVE LOGISTIC SUPPORT COST COMPARISON BETWEEN SINGLE
MANUFACTURER AND DUAL MANUFACTURERS OF SCMLS EQUIPMENT

%axawmﬁ&ﬁa&&négi

Costs (Millions of Constant 1980 Dollars)

Dual Manufacturexrs#*+*

Cost Single
Category Manufacturer* | Manufacturer Manufacturer Total
(463 Systems) np® "B" (463
(231 Systems) (232 Systems) Systems)
Nonrecurring Costs
Spares 7.852 8.589 8.589 17.178
Inventory Management 0.036 0.036 0.036 0.072
Support Equipment 0.190 0.190 0.190 0.380
Training 2.660 0.660 0.660 1.320
Data Management 15.720 15.720 15.720 31.440
Transportation 0.424 0.212 0.212 0.424
Total 24.882 25.407 25.407 50.814
Recurring Costs

Spares 30.385 33.885 33.885 67.770
On-Site Maintenance 26.056 13.000 13.056 26.056
Off~Site Maintenance 14.220 7.095 7.125 14.220
Inventory Management 0.104 0.104 0.104 0.208
Support Equipment 0.011 0.011 0.011 0.022
Training 0.963 0.963 0.963 1.926
Data Management 7.176 7.176 7.176 14.352
Facilities 1.794 0.895 0.899 1.794
Site Operation 4.156 2.073 2.083 4.1%6
Total 84.865 65.202 65.302 130.504

*Based on a production rate of 145 SCMLS systems over three years.
**Based on a production rate of 75 SCMLS systems over three years.
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CHAPTER SEVEN

MLS AVIONICS CONFIGURATIONS ACQUISITION COSTS

Development and production costs of MLS avionics were identified for
the three user communities in general aviation -- commercial air carrier,
high-performance general aviation aircraft, and low-performance general
aviation aircraft. High-performance general aviation consists of turbojets,
turboprops, and pressurized multi-engine aircraft. Low-performance general
aviation consists of all other multi-engine piston, single-engine piston,
and rotary wing aircraft.

TR RO R Y MRS A DR T B

7.1 SYSTEM CONFIGURATIONS

7.1.1 General

Table 7-1 lists the avionics costed. The required displays and DME
costs were taken from available commercial products. In accordance with the 4
objectives and assumptions of the MLS LCC study program plan, we did not
consider the cost of modifying or purchasing on-board computers and

modifying autopilots to take full advantage of MLS capabilities. . F

7.1.2 Production Avionics

Three prototype models of avionics have been developed through Govern-
ment sponsorship. Air carrier and high-performance aircraft MLS avionics
were developed for the FAA by Bendix Avionics Division. American Electronic
Laboratories, Inc., and NARCO Avionics developed a low-performance aircraft
avionics set through the sporsorship of NASA Ames. Design features and
capabilities of those avionics were available for study. A new set of
avionics was being developed for the Service Test Evaluation Program (STEP),
but the equipments were not available during the course of this study.

7.1.2.1 Commerical Air Carrier MLS Avionics

The commercial air carrier MLS avionics were based on the prototype
Bendix Avionics air carrier quality avionics. The units costed were an
angle receiver-processor, with an ac/dc power supply and a built-in test
(BIT) capability; an MLS control pannel; and an auxiliary data display.
All units were assumed to be manufactured to ARINC characteristics. Costs
were assumed for a precision DME, C-band antenna, and computer interface.
Any required display was assumed to be existing.
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Table 7-1. MLS AVIONICS CONSIDERED

Commercial High-Performance Low-Performance
Considerations Alr Carrier General Aviation General Aviation
Avionics Avionics Avionics
Coets Determined Receiver-Processgor Receiver-Processor | Receiver-Processor

by Study

Control Panel
Auxiliary Data Display

Control Panel

C~Band Antenna

Cormercial Costs Precigsion DME C-Band Antenna None
Assumed C-Band Antenna
Computer Interface
Commercial Costs None ChI Display CDI Display
Used Conventional DME
L~Band Antenna
None None

Equipment Assumed
to Exist and Not
Costed

Display
Conventional DME
L-Band Antenna

7.1.2.2 High-Performance General Aviation Aircraft MLS Avionics

The high-performance general aviation (GA) aircraft MLS avionics were
based on the SCMLS avionics manuals developed by Bendix Avionics. The
receiver-processor was assumed to be similar to that of the air carrier

aircraft, but with no BIT capability and no ac power supply. We developed
the costs for this receiver by usiny lower quality parts to reduce the cost.
The control panel was considered to be similar tz the air carrier version.
No auxiliary data display was included for this configuration. Costs for
the CDI display, DME, and L-band antenna were based on existing commercially
available equipment.

7.1.2.3 Low-Performance General Aviation Aircraft MLS Avionics

The low-performance GA aircraft MLS avionics were based on the NASA
Ames-sponsored low-cost MLS avionics. These avionics consisted of an MLS
receiver-processor with an integrated control panel and a remote microwave
RF head integrated into the C-band antenna housing. A low-cost commercially
available CDI display was included in the total installation.

7.2 ACQUISITION COSTS

7.2.1 General

The costs for all three types of avionics were developed under the
same procedure used in leveloping the ground system costs. Features,
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capabilities, and component parts of the prototype receivers and peripﬁeral
equipments were identified by inspection of the receivers, consultation with
the manufacturers, and review of the available documentation.

All manufacturing costs associated with the MLS avionics were developed
with the assistance of a commercially available pricing model. Data were
prepared on module, subassembly, and system levels to permit identification !
of costs drivers and application to the subsequent LCC analyses.
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Tables 7-2 through 7-12 summarize the PRICE outputs by subassembly cost
for development and production and show cumulative costs for the various
classes of MLS avionics. The tables appear in the foilowing subsections, ;
according to the particular subassembly represented. We assumed production
quantities over a three-year period of 1,500 units for air carrier avionics i
and 3,000 units for general aviation avionics 0. the basis of the expected
implementation scenarios discussed in Chapter Eight. These guantities were
considered to be sufficient to develop typical avionics production learning
curves and to amortize development and start-up costs. All results are i
presented in constant 1980 dollars. |

R G E R S e S R
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ok

In each table, the last equipment entry, Test and Integration, is a I
mandatoxry input when a system is developed by subassemblies. Test and I
integration accounts for the final assembly of a unit, machining of inter-
face components, provisioning of power connections, alignment and tuning
of electrical subsystems, and performance of the final fuanctiodal test of ;
the system. The factory sell price represents the cost of manufacturing &
with appropriate G&A and profit included; it is the expected selling price :
to air carriers and distributors. The ligt price represents the normal
cost to owners of private aircraft buying limited quantities of general
aviation aircraft products.

7.2.2 MLS Avionics Cost Development for Air Carrier Aircraft

The unit costs of MLS avionics required by air carriers for implemen-
tation of the MLS are shown in Tables 7-2 (receiver), 7-3 (control panel),
and 7-4 (auxiliary data display).

7.2.2.1 Aangle Receiver

The MLS angle receiver consists of 13 subassemblies, the front panel, P
and the chassis enclosure. Table 7-2 summarizes the PRICE outputs by =
subassembly cost for development and production and gives the total cost.
The costs are based on a 1,500-unit production run. There is no distributor
markup for air carrier avionics, because the airlines buy directly from the e
manufacturer. %1

S

7.2.2.2 Contrel Panel

The MLS control panel consists of a power supply and a digital PCB,
as well as the front panel and the chassis and enclosure. Table 7-3 lists S
the results of the PRICE outputs.
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Table 7-2. MLS RECEIVER COSTS FOR AIR CARRIER AIRCRAFT f
Costs (1980 Dollars per Unit) ' !
Subassembly f
Development | Production | Total . :
Envelope Processor PCB 87 783 870
Digital Processor PCB 104 773 877
Input/Output PCB 48 803 851 é
AC Power PCB 29 402 431 - %
DC Power PCB 25 344 369 %
Annunciator PCB 66 320 386 5
Synthesizer Control PCB 79 374 453 3
Synthesizer Harmonic Generator PCB 54 202 256
Synthesizer Microwave PCB 113 873 986
Front-End Module 36 479 515
RF Module 73 759 832
Test Generator Module 28 158 186
Interconnect PCB 61 353 414
Front Panel 6 134 140 .
Chassis and Enclosure 10 856 866
Integration and Test 23 425 448 (
Factory Sell Price 2,880 if
Distributor Markup 0 |
List Price 8,880 . ‘;

7.2.2.3 Auxiliary Data Display

The MLS auxiliary data display consists of a power supply, four addi-
tional subassemblies, the front panel, and the chassis and enclosure. Table
7-4 lists the results of the PRICE outputs.

7.2.2.4 Cost Summary

Costs of the avionics required by air carrier aircraft for implementa-
tion of the MLS are listed in Table 7-5. The costs shown are the total cost
of development for each piece of avionics and the production costs per unit
of the equipment as computed by the PRICE model. The Total column gives the
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Table 7-3. MLS CONTROL PANEL COSTS FOR
AIR CARRIER AIRCRAFT

Costs (1980 Doiiars per Unit)
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Subassembly

Development | Production | Total

Power Supply PCB 56 322 378
Digital PCB 48 267 315
Front Panel 35 37
Chassis and Enclosure 8 247 255
Integration and Test 36 41
Factory Sell Price 1,026

Distributor Markup 0

List Price 1,026

Table 7-4. MLS AUXILIARY DATA DISPLAY COSTS FOR

AIR CARRIER AIRCRAFT

Costs (1980 Dollars per Unit)

MRS et AR Nl i

Subassembly

Development | Production | Total

Binary BCD PCB 72 466 538
Data Control PCB 67 427 494
Display Electronics PCB 68 521 589
Power Supply 32 299 241
Display PCB 50 222 272
Front Panel 4 45 49
Chassis and Enclosure 247 255
Integration and Test 92 101
Factory Sell Price 2,539

Distributor Markup o]

List Price 2,539
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Table 7-5. MLS AVIONICS COSTS FOR AIR CARRIER AIRCRAFT,
SINGLE SYSTEM
Costs
Equipment . Production Total )
Development (198C Dollars (1980 Dollars
(1980 Dollars) s .

! per Jnit) per Unit)
Receiver 1,261,564 8,038 8,880
Control Panel 177,070 907 1,026
&xiliary Data Display 464,326 2,229 2,539

Total 1,902,960 11,174 12,445
Factory Sell Price 12,445
Distributor Markup 0]
List Price 12,445
*Development costs are assumed to be amortized over a 1,500-unit
production quantity.

production and development costs amortized over 1,500 units of production.
The development costs are for any production quantity; the production costs,
however, vary with the production quantity. The costs listed in Table

7-5 disagree slightly with those in Tables 7-2, 7-3, and 7-4 because the
numbers have been rounded.

7.2.2.5 Air Carrier MLS Installation

A complete air carrier MLS installaticn requires peripheral equipment
other than the avionics shown in Table 7-5 to allow MLS operation. The
other =»quipments include antennas, displays DMEs, and computers if a full
curved-approach capability is desired. We did not compute these costs
through PRICE, but took commercially available equipments as required. We
did not include the cost of a display for the air carrier installation,
because aircraft currently have displays installed that can be used with
the MLS. Display interface costs are included in the installation costs
discuassed in Chapter Eight. L-band DME costs are not included, because
these are also currently in place on the aircraft. We did include one
precision DME, assuming that there would be a one-for-one swap-out with
a &unventional DME. We also included a $1,500 cost for a computer interface.
This cost was taken from Radio Technical Commission on Aeronautics (RTCA)
Document DO-166 of July 1977, Microwave Landing System Implementation. The
quantitics and costs of equipment for the MLS installation are shown in
Table 7-6.
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Table 7-6. AIR CARRIER AVIONICS COST PER MLS INSTALLATION, . g

BASED ON 500 UNITS PER YEAR (1980 DOLLARS) E

. Cost Total System . ¥

uipment 3

Eq Quantity per Unit Cost ! %

’ MLS Receiver-Processor 2 8,880 17,760 %
: b
MLS Control Panel 2 1,026 2,052 §

MLS Auxiliary Data Display 1 2,539 2,539 g

X

C-Band Antenna 2 150 300 g

Precision DME 1 11,385 11,385 i

Comsutex Interface 1 1,500 1,500 g

Total ’ 35,536 %

9

7.2.3 MLS Avionics Cost Development for High-Performance GA Aircraft

The MLS avionics required for high-performance GA aircraft are an
angle receiver and a control panel.

7.2.3.1 Angle Receiver

The MLS angle receiver is very similar to that for air carrier aircraft.
The major difference is that the high-performance GA aircraft receiver hnas .
dc power only, and there is no BIT capability. This allows elimination of
the ac power, annunciator, and test generator subassemblies. 1In addition,
the GA receiver uses components of a lesser quality than does the air carrier
receiver. This results in a decrease in cost and a slight decrease in MTBF
on a per-PCB basis for the GA receiver. The envelope processor PCB for the
high-performance GA receiver has an MTBF of 24,296 hours, compared with
25,287 hours for the air carrier receiver. Overall, the air carrier re- -
ceiver MTBF of 1,430 is lower than the GA receiver MTBF of 1,702 hours, g
because the GA recziver has fewer subassemblies. i

The high-performance GA angle receiver consists of 10 subassemblies, the
front panel, and the chassis and enclosure. Table 7-7 summarizes the PRICE
outputs by subassembly cost for development and production and gives the
total cost. The costs are based on a 3,000-unit production run. The factory
sell price is the cost to a distributor. The list price includes a markup
for distribution and is the expected cost to single-aircraft owners
requiring high-performance GA aircraft avionics.

7.2.3.2 Control Panel

The MLS control panel i1s similar to the air carrier control panel; the
major difference is that lower quality parts are used. (Lower quality may
be taken to mean plastic rather than ceramic parts.) Table 7-8 lists the
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Table 7-7. MLS RECEIVER COSTS FOR HIGH~PERFORMANCE 3
GENERAL AVIATION AIRCRA! I j
o
Costs (1980 Dollars per Unit) LR
Subassembly ! §
Development | Production | Total %
Euvelope Processor PCB 40 561 601 g
£
Digital Processor PCB 49 554 603 %
Input/Output PCB 23 575 598 %
3
DC Power PCB i2 248 260 g
Synthesizer Control PCB 38 268 306 %
Synthesizer Harmonic Generator PCB 26 145 171 g
Synthesizer Microwave PCB 54 628 682 %
Front-End Module 17 344 361 2
RF Module 35 545 580 4
Interconnect PCB 31 303 334
Front Panel 3 98 101
Chassis and Enclosure 4 620 624
Integration and Test 11 321 332
Factory Sell Price 5,553
Distributor Markup (30 percent) 1,666
List Price 7,219

results of the PRICE outputs for a 3,000-unit production run with a dis-
3 tributor markup of 30 percent.
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> 7.2.3.3 Cost Summary 3
3 .

Costs of the MLS avionics required for high~performance GA aircraft i
are listed in Table 7-9. As with the air carrier versions, the costs shown :
are the total cost of development and the production costs per unit as fé
computed by PRICE. ?7

3 ARETY
Y

7.2.3.4 High~Performance GA MLS Installation

An MLS receiver and control panel are only part of the MLS installation i
in a high-performance GA aircraft. We assumed for the LCC portion of this &
3

study tnat a complete MLS installation includes a conventional DME, an L~
band antenna, and a display, in addition to the MLS receiver, control panel,
and C-band antenna. Table 7-10 shows the gquantities and costs of equipment
used in the LCC study.

7-8
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3 Table 7-8. MLS CONTROL PANEL COSTS FOR
: HIGH-PERFORMANCE GENERAL ;
% AVIATION AIRCRAFT g
Costs (1980 Dollars per Unit) f 33
; Subasgembly %
I Development | Production | Total %
S, M
. Power Supply PCB 27 231 258 %
i Digital PCB 23 191 214 :
Front Panel 1 25 26 3
g Chassis and Enclosure 4 1890 184 :
E B
Integration and Test 2 26 28 3
Factory Sell Price 710 ;
i Distributor Markup (30 percent) 213 é
List Price 923 &
'
;
K
E: 2
"’ :é
; Table 7-9. MLS AVIONICS COSTS FOR HIGH-PERFORMANCE GENERAL ‘g
3 AVIATION AIRCRAFT E
3 Costs &
- Equipment . Production Total %
Development® 1 (1980 pollars | (1980 Dollars a
3 (1980 Dollars) . . §
3 per Unit) . per Unit) . 4
.‘ 2'?‘1
- Receiver 1,025,695 5,210 5,553 3
. Control Panel 167,657 653 710 43
4 Total 1,193,352 5,863 6,263
] Factory Sell Price 6,263 E
> Distributor Markup (30 percent) 1,879
3 List Price 8,142
g *Development costs are assumed to be amortized over a
e 3,000-unit production quantity.
= 7-9 .
%
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Table 7-10. HIGH-PERFORMANCE GENERAL AVIATION AIRCRAFT %
AVIONICS COST PER MLS INSTALLATION, BASED . %

ON 1,000 UNITS PER YEAR (1980 DOLLARS) ! %

: ]

. X Cost Total System 3
Equipment ant . 2

quip Quanticy per Unit Cost 3

x

MLS Receiver-Processor 1 7,219 7,219 %
MLS Control Panel 1 923 923 %
C-Band Antenna 1 195 195 §
L-Band Antenna 1 117 117 %
Conventional DME 1 5,8% 5,850 g
CDIX Display 1 916 916 %
Total 15,220 !
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7.2.4 ML3 avionics Cost Development for Low-Performance GA Aircraft

The MLS avionics for low-performance GA aircraft are a receiver with
an inteyrated panel and an antenna.

7.2.4.1 Angle Receiver

:f The MLS angle receiver is the low-cost airborne MLS receiver developed
. for NASA Ames by American Electronic Laboratories, Inc., and NARCO Avionics.
The receiver utilizes four subassemblies, including the power supply. All
controls are integrated into the front panel of the receiver and consist

2 of on/off, volume, and ident controls; a channel-selection capability; and

: a glide-slope-select switch. Table 7-11 summarxizas the PRICE outputs by
subassembly cost for development and production and gives the totali cost.
The costs are based on a 3,000-unit production run. The 100 percent markup
for distribution is the normal markup for low-performance GA aircraft
avionics.

7.2.4.2 Antenna .

The MLS antenna developed for the lcw-performance GA aircraft incor-
porates a remote RF head to minimize the expected antenna cable losses.
After disassembling the antenna and reviewing the design and construction,
we priced the assembly as one unit. The antenna cost is shown in Table
7-12.

7.2.4.3 Cost Summary

Costs of the MLS avionics required for low-performance GA aircraft are
shown in Table 7-12. The cost factors shown are the total cost of develop-
ment and the production costs per unit as computed by PRICE.

7-10
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Table 7-11. MLS RECEIVER COSTS FOR LOW-~PERFORMANCE %
GENERAL AVIATION AIRCRAFT '%
b
Costs (1980 Dollars per Unit) g
Subagsembly i g
Develupment | Production | Total 7 %
9
s
Synthesizer PCB 28 197 225 g
IF/Detector PCB 19 111 130 g
Processor PCB 33 130 le3 K
Power Supply 17 83 100 E
Front Panel 3 22 25 ;
b
Enclosure and Chassis 1 56 57 ;
Integration and Test 13 111 124 }{
Total 114 710 824 ‘é
Factory Sell Price 824 g
82 E
Distributor Markup (100 percent) 4 g
i
?z
List Price 1,648 %
X
- 7
Table 7-12. MLS AVIONICS COSTS FOR LOW~PERFORMANCE 5
GENERAL AVIATION AIRCRAFT %
3 i
Costs ?
Equipment * Production Total
(‘fg‘égl‘;gﬁg;s) (1980 Dollars | (1980 Dollars
per Unit) pexr Unit) -
i
Receiver 341,876 710 824
, Antenna 63,788 152 173
’ Total 405, 664 862 997
Factory Sell Price 997
H
% Distributor Markup (100 percent) 997
3
}
: List Price 1,994
*Development costs are assumed to be amortized over a
3,000~unit production quantity.
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7.2.4.4 Low-Performance GA Aircraft Installation

We assumed for the LCC portion of this study that a complete MLS instal-
lation for minimum capability consists of an angle rcceiver, antenna, and CDI
display. Table 7-13 shows the quantities and costs of equipment used in the
ICC study.

Table 7-13. LOW~PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

SR ARSI G i i WA T S RS i s

R . Cost Total System
Equipment Quantity per Unit Cost
MLS Receiver-Processor 1 1,648 1,648
C-Band Antenna 1 346 346 ~g
CDI Display 1 600 600 E
Total 2,594
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CHAPTER EIGHT

AIRBORNE LIFE-CYCLE~COST MODEL COMMON PARAMEIERS

This chapter addresses the development of data items that were treated
in the ecoriomic analysis as being common to any MLS concept. These items
include the estimated installation costs of MLS avionics and population
projections for the civil aviation community.

8.1 COST OF MLS AVIONICS .

The costs of the various MLS avionics configurations that may be im-
plemented in the civil aviation community were discussed in Chapter Seven.
It was assumed that the MLS avionics would have a unique configuration for
each of the three classes of aircraft.

8.2 AIRCRAFT CONFIGURATION

The complement of equipment to be installed by a user usually depends
on individual needs, probable flight profiles, the reliabilities required
to provide suitable aircraft availability, and the anticipated or required
flight crews for special classes of aircraft. For this study, we assumed
that air carriers would carry dual MLS avionics, whilie high-~ and low-
performance general aviation aircraft would carry one set of MLS avionics,
as discussed in Chapter Seven.

8.3 INSTALLATION COSTS

The costs of avionics installations considered in this study came under
twc categories -~ retrofit of the existing fleet, and installation in new
aircraft. These installation costs were segregated into the three aircraft
classes of commercial air carrier, high-performance general aviation, and
low-performance general aviation. Avionics retrofit installation costs for
all three aircraft classes was developed from data in FAA Peport EM-79-14
of November 1979, Development of Avionics Retrofit Installation Costs in
Air Carrier and General Aviation Aircraft.

8.3.1 Commexcial Air Carrier Installation Costs

Installation costs for commercial air carriers were based on the
installation costs required for the Ground Proximity warning System (GPWS)
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and the Omega Navigation System (ONS). These systems were chosen because
subgstantial data were available from each to compute costs. The GPWS was
also chosen because it was retrofitted in all commercial air carriers; an
advantage of using the CNS was that it is a more complex installation than

the GPWS.

X, A R . wa e
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The GPWS consists of a single rack-mounted computer unit within the
electronics bay of an aircraft. The unit accepts inputs from various air-
craft sensors to determine terrain proximity. To retrofit this system in
the aircraft, the cockpit must be modified for installation of the warning
lights and speaker. The computer is installed in the electronics bay, with
appropriate cabling to sensors and the cockpit warning devices.

The ONS consists of three units -- a rack-mounted receiver-processor
located in the electronics bay, a cockpit control and display unit, and a
remotely located antenna and antenna coupler unit. The receiver-processor
houses the main electronic circuitry for processing sensor inputs to compute
aircraft location. The control-display unit provides a means for manually
inserting system control data and selecting modes of operation. It also
provides read-out capability for receiver-processor navigation data. The
antenna coupler unit senses Omega radio signals and couples them to the
receiver circuits by suitable cabling.
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Installation of the ONS requires modification of the cockpit for the
control~display unit, a space in the electronics bay for the receiver-
processor, modification tc the aircraft outer skin for the antenna, and
integration with other aircraft systems requiring navigation data inputs.
Most air carriers have dual Omega systems that consist of two control-display
and receiver-processor units but only a single antenna.

Since installation of the GPWS is probably less complex than an MLS
installation, while the ONS is more complex, we developed a weighted average
between these tvwo costs to reflect the expected MLS installation costs.
Since we were dealing with a dual installation, the average was weighted 2 !
to 1 in favor of the ONS average cost. Table 8-1 shows the expected labor ;
hours and material cost of retrofitting avionics in air carrier aircraft,
using the 1980 labor rate and cost of materials. The installation hours 4
account for both shop prefabrication labor and on-aircraft labor for install- f
ing shelves, control panels, wiring, and avionics. Material cost accounts 33
for all material other than prime electronics consumed during the instal-
lation. Cable, fasteners, hardware shelves, and circuit breakers are in- -
cluded and accounted for in this cost category. We updated the labor and e,
material costs from FAA Report EM-79-14 by using a Bureau of Labor Statistics . s
inflation factor of 9.23 percent to arrive at a new base labor rate of $30.29 . ¥
per hour. It was assumed that installation costs in new air carrier aircraft
would be 60 percent of the estimated retrofit cost of $1,560 for a complete

installation, or $6,940.
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1 Table 8-1. AVIONICS RETROFIT INSTALLATION HOURS AND 2
3 COSTS FOR AIR CARRIER AIRCRAFT ﬁ
; |
£ - Stand-Alone Integrated ! %
S| Cost Category System Systen %
% - - Hours | Cost* | Hours | Cost®* %
E . Installation Hours 166 5,028 357 10,813 ;
E Engineering Hours 7 212 19 575 3
E E Material Dollars -- 791 -- 2,933
S H
4 : 3
% Total Installation Cost - 6,031 - 14,321 g
- Weighted Average Retrofit Installation Cost = $11,560 :
*1980 dollars at $30.29 per hour. 3
B
g

o,

8.3.2 General Aviation Aircraft Installation Costs

3y e

p High-performance aircraft in this user category include a variety of
twin-engine executive jets, pressurized twin-engine turboprop aircraft, and
some multi-engine piston aircraft. These aircraft usually use avionics that

RN AN T

: resemble ARINC-characteristic equipment but are manufactured in "dwarf"
e sizes. However, ARINC-characteristic avionics are also frequently found in

the avionics configurations of these aircraft. ILow-performance aircraft
include single-engine and light twin-engine aircraft.

Although no single piece of avionics has a widespread retrofit program
for general aviation aircraft, data were available for a number of systems,
So an average installation rate could be computed.

o3
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} 8.3.2.1 High-Performance Generzl Aviation Aircraft
i
i

+
g

- Avionics systems considered in FAA Report EM-79-14 for high-performance
GA aircraft are grouped into two categories -- (1) a "stand-alone" system,
which includes any avionics that require an antenna, electronic unit, and

: control or display, and (2) an "integrated" system, which, in addition to
the basic equipment, usually includes considerable interface with other
on-board avionics such as flight computers, autopilots, or DME. Typical
stand-alone systems are the VHF communication system and the ATC transponders.

v Integrated systems include the area navigation system (R-NAV) and the

inertial navigation system (INS). ,
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: High-performance GA aircraft avionics are categorized not only by the
3 stand-alone or inteograted nomenclature, but also by the category of air-
] craft executive jet or executive turboprop. The reason for this is that
53 the airframes of turboprop aircraft are more easily accessible and rewired;
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therefore, installation time is considerably less. For executive jets,
installation time includes removal and reinstallation of interiors often
asgociated with avionics additions because of the location of new avionics,
cableways, and antennas.

Table 8-2 shows the expected labor hours and material cost of retrofit-
ting avionics in high-performance GA aircraft. The costs were updated from
FAA Report EM-79~14 by using a Bureau of Labor Statistics inflation factor of
9,23 percent to arrive at a new base labor rate of $28.40 per hour. Engineer-
ing includes design of the installation, documentation, and preparation of the
material lists agsociated with the installation. Antenna installation labor
includes the RF cable and assumes a hew penetration in the lower fuselage of
the aircraft. Wiring is normally installed on the aircraft with very limited
shop harness fabrication, since most cables do not terminate in an electron-
ics bay. Hours noted for certification include the clerical effort necessary
to return the aircraft to flight status meeting the Government's airworthi-
ness and safety standards. Material costs account for all materials consumed
during the installation such as wires and fuses.

To determine the average MLS installation costs in high-performance GA
aircraft, we assumed that 50 percent of the aircraft would use a noninte-
grated MLS, or stand-alone system, and 50 percent would use MLS avionics
fully integrated with the R~NAV system. Approximately 31 percent of turbo-
jet and 44 percent of turboprop aircraft currently have R-NAV systems. We
weighted this obtained average retrofit cost between the number of turbojet
and turboprop aircraft (see Table 8-4). We included the high-performance
multi~-engine piston aircraft with turboprop aircraft. This resulted in an
expected average retrofit cost of $9,770 for high-performance aircraft. It
was assumed that installation costs in new aircraft would be 60 percent of
the estimated retrofit cost of $9,770, or $5,860.

8.3.2.2 Low~Performance General Aviation Aircraft

4

Low-performance GA aircraft avionics, intended for the single-engine
and light twin-engine aircraft, are usually of the stand-alone type and
consist of an antenna and an electronics unit. The electronics unit, mounted
in the flight console of the aircraft, has built-in control and display
features and requires wiring for antenna input and aircraft power input.

Installation cost data for low-performance GA aircraft were developed
on the basis of a survey of avionics maintenance facilities, because the
majority of low-performance GA aircraft are maintained at such facilities
throughout the country. In 1974, more than 500 maintenance facilities were
surveyed for information on the labor requirement to retrofit a NARCO DME-
190 unit with an appropriate antenna in the low-performance class of air-
craft. The results of this survey were published in Cost Analysis of Air-
borne Collision Avoidance Systems (CAS) Concepts, FAA Report EM-76-1. In 1979,
ARINC Research interviewed a selected sample of the responding maintenance
organizations and obtained their new labor rates for comparison with those
furnished in 1974. The labor estimates obtained in 1974 were in hours and
are still considered valid. The new labor and material costs were
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Table 8~-2. AVIONICS RETROFIT INSTALLATION HOURS AND COSTS "%
FOR HIGH-PERFORMANCE GENERAL AVIATION AIRCRAFT : ;
Turbojet Turboprop |3
Cost Category P
Hours | Cost* | Hours | Cost* ;
Stand-Alone Systems i
Engineering 20 568 15 426 4
Antenna SO 1,420 25 710 g
Wiring 75 2,130 23 . 653
Installation 150 | 4,260 | 45 | 1,278
3%
Certification 20 568 50 1,420 .
; g
> Material Dollars - 275 - 275 §
Total Installation Cost - 9,221 - 4,762 %
3 Integrated Systems %
E Engineering 100 | 2,840 | 40 1,136 i;
Antenna 50 1,420 30 852 .
3 ~
1 Wiring 250 7,100 | 140 3,976 i
: Installation 210 5,964 | 120 3,408 . %
Certification 100 2,840 50 1,420 E
Material Dollars - 550 - 275 .
i 8
&
Total Installation Cost -- 20,714 -- 11,067 C
Average Installation - 14,968 - 7,915 ' 3
Cost :

Retrofit Costs Based on 2,500 Turbojet and
7,000 Turboprop and Piston Aircraft = §9,770

*1980 dollars at $28.40 per hour.

published in FAA Report EM-79-14. We updated these labor and material costs :
by using a Bureau of Labor Statistics inflation factor of 9.23 percent to i
arrive at a new base labor rate of $25.25 per hour. Table 8-3 shows the ’
expected labor hours and material costs of retrofitting avionics in low-
performance GA aircraft, using the 1980 labor rate and cost of materials.
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Table 8-3., AVIONICS RETROFIT INSTALLATION HOURS AND COSTS ‘: ] ’5"‘2

FOR LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT f %

Single-Engine Twin-gEngine %

Aircraft Aircraft ] §

(166,000 (19,300 -

Cost Category Aircraft) Aircraft) . -2

Hours* Cost** Hours* Costr* g

;

Electronics 4.51 113.88 6.43 162.36 E

Antenna 2.32 s8.58 | 3.21 81.05

Cabling 3.92 98.98 5.31 54.35 3

Material - 40.43 - 54.35

Total Installation Cost - 311.87 - 431.84 ‘

*Based on the mean of labor hours quoted by 125 facilities.
**1980 dollars at $25.25 per hour.

For the purpose of this analysis, we used a weighted average of $325
for a complete installation in low-performance GA aircraft. It was assumed :
that installation costs in new low-performance GA aircraft would be 60 ‘
percent of the estimated retrofit cost of $325, or $195.

8.4 AIRCRAFT SCENARIO

Implementation of the MLS in aircraft is assumed to begin in 1989, based i
on MLS ground system deployment in 1987. The two-year period between MLS
ground deployment and initial aircraft implementation allows for the instal-
lation of approximately 140 ground systems. With a continual ground system A
implementation, this should offer an adequate incentive for operators to 1]
install the MLS in their aircraft.
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To develop an aircraft baseline for 1989 and project an expected instal-
lation schedule for the MLS, we reviewed a number of documents. Among these
were FAA Report AVP-0-8 of September 1980, FAA Aviation Forecasts FY 198l1-
1992; FAA Report AVP-79-9 of September 1979, FAA Aviation Forecasts FY 1980-
1991; FAA Report AVP-78-11 of September 1978, FAA Aviation Forecasts FY 1979-
1990; FAA Report MS-79-5 of April 1979, 1977 General Aviation Activity and i
Avionics Survey; FAA Report MS-80-5 of March 1980, 1978 General Aviation Ac- 5
tivity and Avionics Survey; FAA Statistic Handbook of Aviation for 1978; and é%
The World Aviation Directory, Volumes 75 through 80. OQur purpose was to bal-~ ES
ance projections with production quantities to determine an increment of new :
aircraft per year. Most forecasts deal only with actual total fleet increases b
per year without providing separate categories for the number of new aircraft
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per year and aircraft inactivated each year. Table 8-4 presents the base-
line aircraft data as of 1 January 1979. This date was chosen because the
data of FAA Report MS-80-5 and FAA Report AVP-80-8 for that date agreed.

The table shows not only the baseline year, but the projected change in
active aircraft population per year. The avionics survey allowed us to
determine the percentages of aircraft with ILS, DME, R-NAV, or autopilots
installed. These percentages were used to determine the probable number

of MLSs installed per year. The extensive data base available in FAA Report
MS-79-5 and FAA Report MS5-80-5 led to the determination that approximately

17 percent of the multi-engine piston aircraft were in the high-performance
category.

Table 8-4. BASELINE AIRCRAFT DATA
General Aviation Aizcraft
Axx
P
Aircraft pata Category Low Performance High Performance Carrier
Aircraft
Single Rotor : Piston
Engine Multi-Engine Crafy | Turbojet | Turboprop | mujei-gngine
Statistical Data as of ! January 1979
Active Alrcraft 160,700 19, 300 5,300 2,500 3,100 3,900 2,625
Average Flight Hours per 173 263 396 5¢9 533 263 2,645
Zaar
Percent with ILS Equipment 46.4 95.8 11.7 95.0 97.2 95.8 100.0
Percent with DME 16.3 8l.1 5.2 93.4 95.0 8l.1 100.0
Percent with R-NAV 3.6 26.5 2.6 30.% 44.9 26.5 100.0
Parcent with Autopilot 19.1 79.4 0.8 31.0 84.4 79.4 100.0
Projectud Data
Naw Alircraft per Yaar 10,900 1,500 450 o 600 300 115
New Aircraft per Year 5.060 1,440 0 380 580 285 115
with ILS !
Aircraft Inactavated per 2,000 600 160 100 250 100 70
Year
Arrcraft Inactivated per 328 569 12 95 246 95 70
tear with ILS
Airrcraft Flect Increase 8,900 90¢c 350 300 350 200 45
per lear
d

The data from Table 8-4 were combined with data from FAA Report AVP-80-3
to arrive at a projection of the expected active aircraft population. Table

8-5 uses the percentage of aircraft with ILS egquipment to predict the average
number of MLS installations added per year. It was assumed that all new GA

aircraft that would implement the ILS beg.nning in 1989 would implement the
MLS according to the following schedule:

* 1989 to 1990 -~ 25 percent MLS equipage
¢ 1991 to 1992 -~ 50 percent MSL equipage
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Table 8~5. LIFE~CYCLE~COST BASTLINE DATA BY AIRCRAFT CATEGORY
General Aviation Aircraft .
Air
Aircraft Data Category Low High :;:r::frt
Performance | Performance ¢
Statistical Data as of 1 January 1979
Active Aircraft 185,300 9,500 2,625
Aircraft Added per Year 6,550 1,245 115
with ILS
Aircraft Fleet Increase 10,150 850 45
per Year
Projected Data

Active Aircraft 286,8C0 18,000 3,075
Average Flight Hours per 189 416 2,645
Year per Aircraft
Active Aircraft with ILS 144,100 17,294 3,075
Average MLS Installations 6,550 1,244 115
Added per Year
Average MLS Installations 5Go* S00* 700*%*
Retrofitted per Year

*Constant throughout the LCC analysis.
**Four years only.

* 1993 to 1994 ~~ 75 percent MLS equipage
* 1995 to 2005 ~- 100 pevcent MLS equipage

We also assumed that all new air carrier aircraft would be equipped with
the MLS beginning in 1989. Using these two assumptions and the data of
Table %-5, we developed the installation schedule for the MLS avionics used
for this LCC analysis. The schedule is shown in Table 8-6.

The MLS retrofit data in Takle 8-~5 for GA aircraft are based on the
percentage of aircraft with R-NAV equipment. The reason for this is
because the ILS will remain available for 20 years after MLS installation
begins, and it was believed that the only GA aircraft that would be retro-
fitted with the MLS were those that had R-NAV capability. The number of
sets retrofitted was assumed to be a constant 500 units per year throughout
the ICC study for both high- and low~performance GA aircraft. It was assumed
that the retrofit period for air carrier aircraft would be four years at a
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Table 8-6. MLS AVIONICS INSTALLATION SCHEDULE
Nunber of Installations by MLS Avionics Class

var | arcamer | SSrreomamce | jovrestomuce
New Retrofit New Retrofit Hew Retrofit

1989 115 700 315 500 1,638 500
1990 115 700 315 500 1,638 500
1991 ils 700 625 500 3,275 500
1992 115 700 625 500 3,275 500
1993 115 0 935 500 4,912 500
1994 115 0] 935 500 4,912 500
1995 115 0 1,245 500 6,550 500
1996 115 0 1,245 500 6,550 500
1997 115 0 1,245 5C0 6,550 500
1998 115 0 1,245 500 6,550 500
1999 115 0 1,245 500 6,550 500
2000 115, 0 1,245 500 6,550 500
2001 115 0 1,245 500 6,550 500
2002 115 0 1,245 500 6,550 500
2003 115 0 1,245 509 6,550 500
2004 115 ¢] 1,245 500 6,550 500
2005 115 0 1,245 500 6,550 500
2006 115 0 1,245 500 6,550 500
2007 115 0 1,245 500 6,550 500
2008 115 Y] 1,245 500 6,550 500
2009 115 0 1,245 500 6,550 500
Total 2,415 2,800 22,425 10,500 117,900 10,500

constant 700 retrofits per year, and that all air carrier aircraft not
scheduled for retirement within the first four years would be retrofitted
with the MIS. The four-year retrofit period is based on historical data.
The average number of flight hours per year per aircraft is a weighted
average of all aircraft in a category.
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On the basis of Table 8-5, we derived aircraft-particular parameters
such as quantities, flight hours, and production schedules for the airborne
portion of the LCC study. The table is based on current aircraft production
rates, aircraft exports, and FAA projections.

8.5 MAINTENANCE SCENARIO

The maintenance scenario used in the LCCM considered two levels o!f
repair =-- on-aircraft and off-aircraft maintenance. On-aircraft mainteuance
consists of simple removal and replacement of failed units; off-aircraft
maintenance encompasses all other maintenance actions required in the event
of an equipment failure.

8.5.1 On-Aircraft Maintenance

On-aircraft maintenance cost is limited to the cost of removing and
replacing a failed unit. Preventive maintenance was not considered.

Removal and replacement actions are initiated when an aircraft lands
at a repair facility and reports an equipment failure. The cost incurred
is for the time required to complete the maintenance action, charged on an
hourly basis. For the purpose of this analysis, the time required was
assumed to be 1.5 hours, broken down as follows:

¢ Fifteen minutes for the maintenan~r technician to get to the
aircraft
e Fifteen minutes to remove the failed unit

* Fifteen minutes to take the failed unit back to the shop for
testing and repair or replacement

e rFifteen minutes to return to the aircraft with the repaired or
replacement unit

* PFifteen minrutes to reinstall the unit in the aircraft

¢ Fifteen minutes for the maintenance technician to return to
the shop

-

8.5.2 Off-Aircraft Maintenance

Off-aircraft maintenance costs are costs incurred durang the actual
repair o- i failed module. These expenses include the costs of materials,
labor, shipping, and failure documentation. It was assumed that air car-
rier aircraft avionics would be sent to a depot for repair, and that high-
and low-performance GA aircraft avionics would be taken to an avionics
repair shop.

Module repair at the avionics repair shop is restricted to bench
testing, removing, and replacing the failed modules within the failed
unit. Repair times are attributed to the unit and to each mcdule. Since
a minimum number of spares (e.g., one of each type) are inventoried at
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avionics repair shops, users may often have to wait for their repaired
units to be returned. This waiting period is reflected in the avionics

repair shop and depot pipeline (turnaround) times and order and shipping
times for replacement modules.

It was assumed that, with the exception of the chassis, no modules
would be repaired at the avionics shop. Rather, the failed modules would
be shipped to a depot, or mahufacturer, for repair.

Once the failed module arrives at the cepot it is repaired or replacedqd,
incurring both a materials cost and a labor cost. These costs are peculiar
to the particular module being repaired. The maintenance action is then
documented, and the repaired item is shipped back to the avionics repair
shop, thus completing the off-aircraft maintenance cycle.

It was assumed that there would be 20 bases and 3 depots for air
carriers in the first year of MLS implementation. This projection was
based on the number of major and nonmajor air carriers currently operating
and the probable number of manufacturers that might offer air carrier-
quality MLS equipment. For general aviation aircraft, we assumed that
initially there would be 25 avionics repair shops, increasing at a rate of
10 per year. The number of high-performance aircraft depots would increase
from two the first year to a maximum of four, and low-performance aircraft
depots would increase from two the first year to a maximum of eight over
the life of the program. These assumptions were based on the expected
limiced implementation rate of the MLS in GA aircraft and the probable
number of equipment manufacturers. Currently there are approximately
eight manufacturers of complete lines of low-performance aircraft avionics
and four manufacturers of high-performance aircraft.avionics.
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CHAPTER NINE '

INDIVZDUAL AND FLEET COSTS FOR MLS AVIONICS IMPLEMENTATION

9.1 COST MODEL

To evaluate the economic impact of MLS avionics on the civil aviation
community, ARINC Research Corporation adapted and updated its airborne EAM
for this study.

The model has been programmed in FORTRAN IV+ for use with a Digital
Equipment Corporation FDP-11/34 minicomputer. It computes the expected
annual and cumulative acquisition, installation, and !>gistic support
costs for each concept. Appendix G documents the program features and
mathematical formulation of the EAM; Appendix H is a program listing of
the EAM.

9.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL

The data developed in Chapters Seven and Eight constitute only a por-
tion of the data required to compare avionics or establish the cost of
implementation. Many parameters contributing to the evaluation of the
systems and LCCs are dictated by the civil aviation user community. These

data were developed, as were other parameters required by the model, through
research conducted by ARINC Research Corporation for this contract and others.

A complete list of the parameters influencing the LCC evaluation is
presented in Appendix I to this report. All the parameters considered to
be influential in evaluating the relative costs and reliabilities of the
systems have been programmed into the cost model.

9.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS MODEL

The ARINC Research EAM computes annual and cumulative acquisition, in-

stallation, and logistic support costs for each concept and user combination

desired. The model was programmed to print out data for 21 years to be
consistent with the ground LCC study. Airborne implementation was assumed
to have started four yvears after acquisition of the first ground system.
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ti This section presents the results derived from the model on the basis ~
1 of the parametric inputs provided. The results ara presented on a per-

aircraft basis to facilitate identifying separately the costs of acquisition,

E, installation, nonrecurring logistics, and recurring logistics. The 2l-year

}' life~cycle costs expected by an aircraft owner in any of the user categories . ,
3 are also presented, The life-cycle costs of system implementation for each ]
3 user community's total fleet of airc.aft are shown in graphic format to '
illustrate the year-by-year cost of system implementation. During this

analysis, we did not consider the expected life of the avionics or their

possible replacement cost.

iy
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9.3.1 Cost of Ownership per Aircraft

The cost of ownership of MLS avionics on a per-aircraft basis consists
of the initial acquisition and installation costs for equipment configurations
(developed in Chapter Seven), a proportion of the nonrecurring logistic sup-
port costs (determined by averaging over the entire user population in the
21-year life cycle), the recurring logistic support costs attributed to an
aircraft during the first year, and the cumulative life-cycle cost of air-
craft maintenance during the 21 years. These costs can be combined to pro-
vide an evaluation of the system based on both initial investment and
reliability.
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Logistic support costs are divided into two categories =-- nonrecurring
costs associated with the introduction of a new system, and recurring costs
experienced from normal corrective maintenance of the system. The cost
categories are as follows:

&7

* On-aircraft maintenance
* Off-aircraft maintenance
* Spare parts

¢ Inventory management

* Support equipment

3 * Training

* Technical data and failure documentation ’ BE:
{ k
* Facilities i

All of these cost categories contribute to the recurring logistics
costs, and all but on- and off-aircraft maintenance contribute to the
nonrecurring logistics cost. For example, spare parts are normally pur-
chased by a repair facility and introduced into the inventory system, .
resulting in costs associated with the spares and inventory setup, both .
of which are considered to be nonrecurring. Upon failure of a unit, spares H
are used and replacement spares are ordered, generating a recurring cost :
for parts and documentation. The EAM computes such costs on the basis of :
the probability of failures.
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Logistic support costs on a per-aircraft basis for the GA community,

however, are limited to the recurring costs of maintenance, i.e., on- and

off-aircraft maintenance costs incurred in repairing a failed unit. We do

not expect that the individual GA aircraft owner would stock either spare

parts or test equipment and, consequently, directly incur the management !
or facility costs associated with maintaining an inventory. The repair

facility inventory maintenance costs are reflected in the GA cumulative

- life-cycle costs, however, since the EAM includes all cost categories.

H
L
=4
X
Y/
=
3
<
R
B
39

9.3.1.1 Commercial Aviation

A brie s (D

Table 9-1 presents the costs of implementing the MLS on a per-aircraft
basis. The table shows in 1980 dollars the acquisition, installation, and
estimated pertions of the nonrecurring and recurring logistic support costs
to be incurred for MLS equipment installed in 1989. The life-cycle cost
represents the total cost associated with MLSs installed in 1989 and main- A
tained through 2009. The exact relationship between the costs for the
first year of ownership and the life-cycle costs is complex and based on 3
the EAM. However, the life~cycle cost is essentially the first-year cost <
plus the cumulative recurring logistics cost, without inflation.

7&'-.”.‘; i
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Table 9-1. COST OF OWNERSHIP FOR COMMERCIAL "j

AVIATION AIRCRAFT %

Costs (Constant 1980 Dollars) 3

Cost Category a - . if

New Installation etrofit k:

Installation i

Acquisition 35,536 35,536 E

Installation 6,940 11,560 b/

3 Nonrecurring Logistic 10,032 10,032 3
> Recurring Logistic 1,469 1,469 ?-Q
3 (First Year) H
First Year of 53,977 58,597 K\

Ownership &

23

Life-Cycle Cost 83,357 87,977 |

¥
306
()

The acquisition costs shown in Table 9-1 are based on manufactured
quantities of 500 units per year per manufacturer. The relatively high
cost of acquisition is the result of dual MLS avionics being bought and
precision DME costs being included with the MLS avionics. Life~cycle cost
is, of course, governed by the length of the LCC study period.
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9.3.1.2 General Aviation

The data in Tables 9-2 and 9-3 identify the costs of ownership and the
anticipated life-cycle costs for general aviation aircraft. Acquisition
costs include the distribution costs expected in a competitive market.
Nonrecurring logistic support costs (e.g., spare inventory) on a per-aircraft
basis are not identified, since they are considered to be inappropriate for
the private GA aircraft owner. Recurring logistic support costs for each
system are based on the average number of flight hours per month.

High-Performance General Aviation Aircraft

Table 9-2 reflects the ancticipated costs of ownership for the high-
performance GA aircraft community. The low recurring logistic support costs
for each system are based on a limited flight-hours-per-month average of
34.7 hours. For some classes of the high-performance GA community, e.q.,
corporate or cargo jet aircraft, these costs will increase considerably.
However, the typical owner of aircraft equipped with MLS avionics is expected
to experience the indicated average maintenance costs.

Table 9~2. COST OF OWNERSHIP FOR HIGH-
PERFORMANCE GENERAL AVIATION
AIRCRAFT
Costs (Constant 1980 Dollars)
Cos tegor
£ careen New Installatio Retrofit
ew Instalia n Installation
Acquisition 15,220 15,220
Installation 5,860 9,770
Recurring Logistic 135 135
(First Year)
First Year of 21,215 25,125
Ownership
Life-Cycle Cost 23,915 27,825

Low-Performance General Aviation Aircraft

Table 9-3 reflects the anticipated costs of ownership for the majority
of the GA community -- i.e., owners of low-performance GA aircraft. The
maintenance (recurring logistic) per aircraft is low but reasonable because
of the average flight time of 15.8 hours per month. The acquisition costs
are different from those in Table 7-14, because the LCC allows for normal
distributor discounts when the distributor installs the avionics.
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Tdble 9-3. COST OF OWNERSHIP FOR LOW-
PERFORMANCE GENERAL AVIATION

AIRCRAFT '
I
Costs (Constant 1980 Dollars)
Cost Category . Retrofit
New Installation Installation
Acquisition* 2,075 2,075
Installation 195 325
Recurring Logistic 10 10
(First Year) )
First Year of 2,280 2,410
Ownership
Life-Cycle Cost 2,460 2,590

*Cost is discounted to allow for distributor
Linstallation.

9.3.2 Fleet L.ife-Cycle Costs

The per-aircraft costs identified in the preceding section are important -
to GA aircraft owners and small-fleet commercial air carriers. However, the
commercial air carriers support large fleets of aircraft and are more con-
cerned with the cumulative costs of system implementation than they are with
the proportional costs per aircraft. The cumulative costs include the total ?
costs of acquisition, installation, and recurriny and nonrecurring logistics.
Cumulative costs also offer better insight into the impact that total cost
has on the user community.

el e BT T SRR I RNV IO (PR

. The cost-model outputs based on the data developed are shown in Table 3
9-4 in constant 1980 dollars. Constant dollars (zero inflation rate) permit )
comparison of costs with any other life-cycle study of comparable length,
regardless of the start of implementation, providing that the base costs are
presented in 1980 dollars.
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Table 9-4 shows that the community incurring the highest life-cycle
costs is the high-performance GA aircraft community. This is simply because
of the high number of installations (32,925) over the life cycle compared with
the number of commercial air carrier installations (5,215), and the cost per
system for acquisition ($15,220) compared with that for the low-performance ;
GA aircraft community ($2,075). ’
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Table 9-5 presents the life-cycle costs for the total community in
discounted 1980 dollars.
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Table 9-4. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
CONSTANT 1980 DOLLARS
Cost by Aircraft Avionics Category
Cost Low-Performance High-Performance : Total
Category Commercial ota
General General Aviationt
Aviation¥* Aviation#*
Acquisition 266.476 501.132 185.320 952.928
Installation 26.405 233.996 49.128 309.529
Nonrecurring 9.384 27.980 42.254 79.618
Logistic
Recurring 12.371 45.905 119.388 177.664
Logistic
Total 314.636 809.013 396.090 1,519.739

%117,900 new installations;
*%22,425 new installations:
12,415 new installations;

10,500 retrofit installations.
10,500 retrofit installations.
2,800 retrofit installations.

Table 9-5. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
DISCOUNTED 1980 DOLLARS '
Cost by Aircraft Avionics Category ;
Cost . .
Low-Performance High~-Performance . Total
Category Commercial :
General General Aviatio -
Aviation Aviation ion
Acquisition 44.354 86.775 51.023 182.152
Installation 4.430 41.297 15.186 60.913
3 Nonrecurring 1.701 4.916 12.680 19.297
L Logistic
Recurring 1.521 5.774 19.408 26.703
' Logistic
Total 52.006 138.762 98.297 289.065
9-6
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9.3.2.1 Commercial Aviation Aircraft

.

At

Figure 9-1 represents the expenditures per year required to implement \
) MLS avionics in the air carrier community. The rapid rise in costs from !
1989 through 1992 reflects the costs associated with retrofitting the entire
commercial fleet. The logistic support cost reflects the continual increase

in support required with an increasing number of systems and is indicative
of the high use of comrmercial aircraft per year.

P Y el LN

9.3.2.2 High-Performance General Aviation Aircraft ;

Figure 9-2 illustrates the cumulative life-cycle costs incurred by the
high-performance GA aircraft community. The primary costs associated with
MLS implementation are for acquisition, followed by installation. The
logistic support costs are relatively low because of the GA maintenance

philosophy discussed in Chapter Eight and the relatively low use of high-
performance GA aircraft per year.

9.3.2.3 Low-Performance General Aviation Aircraft

Rt T T TR L A S S

Figure 9-3 illustrates the cumulative life-cycle costs for low-perfor-

mance GA aircraft. Acquisition costs are the major cost driver for this
category of aircraft.

R AR N st e T

9.3.2.4 Total Aviation Community

Figure 9-4 presents the cumulative life-cycle costs for MLS avionics
implementation in the entire aviation community for the 2l-year life cycle.

The data presented in the figure are the result of the implementation
scenario chosen.
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Life-Cycle Cost (Millions of Constant 1980 Dollars)

1,200

1,100

1,000

900

800

700

600

500

400

300

200

100

Ot '7'::",%?—,‘5:@%3‘ : '\”"T"II""' R -
v vy rrrrv ey rr vy ry vy rvtvunryunry *
» Legend: -
ommeeewe  TOtal Cost
anas s == Acquisition Cost
8 essscewes LOgistic Support Cost .
amen on wee  Installation Cost
~ 809.012 —\
501.132 -\
7
V4 -
= 7 o 7
7 .
3
~ . 233.996 —\ N
— d —y
-
P 73.885
o / —
—
/ -d".
/ - / -----..‘--"
‘ T e e il S AN N N N TN N UG NN MO O OO
1985 1990 1995 2000 2005 2010
Life Cycle (Years)
Figure 9-~2. CUMULATIVE LIFE-CYCLE CCST FOR MLS AIRBORNE SYSTEMS,

HIGH~-PERFORMANCE GENERAL AVIATION AIRCRAFT

f sl kv S YIRS

N o a N 4+ e N e, . . 1. . N (PR
ittt ik e e R A D O e A A i Sy S DR i Va o R LR AR

£y s

AR,

SRS bR B oA

RO RS iR S Sl nes




I R T VB T T B T R T T e O P S A R R S R T
& . e . o - s
%
t
.
i

2 O

i

LIVIONIV NOILVIAV TVNANID FONVIWOINII-MOT v 7 o

‘SWILSAS ANYOHUIY STW NOd IS0D FIDXD-FJIT JAIIVINWND °€-6 2InbTd m.a,. o
g

(saeax) afokd ayr1 _ﬁxwmw_,

—
- ;? i“: i

55 o
2l

5

- ety

otoc soo0e 000¢ 5661 0661 S861

4%
5
2

NS
o
T

D

wedalobodod-sbeshaabasd-achoodoc=Fiodo= 0 £ m..ww
) i e PV
§ Hh H&AL
: _m . " preon
w S0v°9Z H Sy
R TR £ =1 oot v Wr A
g S
o MM*
| —~ 00z 3 m_mw
e S B
e . s
: M o SRR Y
: 3 PN
~ ooc o y
B Q 5
.M o 9 '
g seorie 3S0D UOTIPTTRISUT emoe o omeme 5
m aAs0D HH&Q:W U..nUWHmQH emo e neen — oov m
3 B 350D UOTITSTNDOY  eme o vmm e 3 .
I > 110 % TR -3 Yo 3 AU - M
0 -y
,. spusbay oy -
| g
— -1 oos -~ |
L e .Ve
o
~ .
| | I T W (N N (N NN OO (O NN N NN N N NN NN DA AN NN NN AN NN N | 009 M
,W
;

cr o drh g £ SFat LN TN f SO S M L f S e e e e e i YR A o1 PR ey 0o e . SO T =SS S ot R vy 3 riar o 4 e pe g




e

[PIRTT
LS

EN)

S V2- %' tan S S It B M SR Y N B RN S N Y AN N S A e S S e R R

b NS

1,500 f Legend: 1,519.734 e, | :

omesmnnms  TOtal Cost :

- e - Acquisition Cost ‘ 2

; 1,400 F <eswweea Logistic Suppert Cost - B
—— e —ee LNStallation Cost 2

1,300 f- - E

rd [ %
%

1,200 - - %

f &
E g
E 1,100 } _ 3
i 3
E

1,000 }- - %

952.928 ——», :

900 / - %

800 |= // -~

700 |- / =

Life-Cycle Cost (Millions of Constant 1980 Dollars)

600 I~ - :
/ 3
/ ,
500 f~ / N 5
/
400 |- / 3o9.529—\ 7 *
. 300 L P . 1;
/ - RS
- 200 = - 3

.~ D g
100 - /’,, 257.282 _ .

N o l—l 1] 1 N O N T T O I D8
- 1985 1990 1995 2000 2005 2010 ?
g Life Cycle (Years) 3

Figure 9-4. CUMULAT.VE LIFE-CYCLE COST FOK MLS AIRBORNE SYSTEMS ;

9-11

i R T S T e
¥




T

LY cn s e s

AR LT TR A TR A S

CHEPTER TEN

RESULTS OF EVALUATION

For this study, ARINC Research developed acquisition, installation, and
total life-cycle costs for grourd and airborne MLS configurations. Acgquisi-
tion costs and equipment MTBFs were developed through the apvlication of
ARINC Research~-formulated inputs tc a commercially available parametric
pricing model. The ba:2line equipment designs used for this study were the
existing prototype MLS ground and airborne equipments. Total system life-
cycie costs were evaluated with ARINC Research-developed ground and airborne

economic analysis models. This chapter summarizes the results of the cost
analyses.

10.1 COST DATA FCR MLS GROUNL CONFIGURATIONS

Acquisition costs were developed for four MLS ground configurations.
These configurations and their haracteristics are shown in Table 10-1.
All four configurations used iinear phased-array antennas. The Basic
azimuth antennas used conventional phased arrays in which each radiating
element is equipped with a phase shifter. The Basic elevation antennas
used the thinned-array concept, where four radiating elements are driven by
a common phase shifter. The thinned-array concept was also assumed for
the SCMLS azimuth and el:vation subsystems.

The total developmenz and production costs associated with different
production quantities for the SCMLS configuration acquisition are shown in
Table 10-2. Similar costs for the Basic configurations are shown in Table
10-3. All costs are presented in constant 1980 dollars.

A direct comparison between the SCMLS and Basic production quantities
is not possible, because the Basic production quantities would provide
components for the three Basic configurations -- Basic I, Basic II, and
Expanded. Both the Basic 11 and Expanded configurations were assumed to
use redundant electronics, s0 a 75-system production quantity would have
to prcvide 95 sets of electronics. A system-by-system comparison is
also not possible, Secause the costs of the electronics in a Basic I system
would ke based on the total electronics manufactured for all three Basic
configurations.

Table 10-4 presents the unit cost for each configuration, along with
the number of system tvpes produced for the production runs.
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Table 10-2. SCMLS DEVELOPMENT AND MANUFACTURING COSTS FOR THREE-YEAR PRODUCTION RUN
Quantity Manufacturing (osts
(Millions of Constant 1980 Dollars)
Subsystem Dovné:f:ent

75 110 145 180
Systems Systens Syste.as Systems
Elevation Antenna 0.378 1.691 2.422 3.024 3.655
Azimuth Antenna 0.384 2.44C 3.478 4,643 5.223
Electronics 0.441 5.914 8.802 11.239 13.841
Field Monitors 0.046 0.290 0.602 0.765 0.925
Remote Maintenance Monitors 0.003 0.377 0.560 c.741 0.923
Remote Control and Status Panels 0.133 0.356 0.494 0.628 0.759
Integration and Test 0.159 0.344 0.470 0.560 0.660
Total 1.544 11.512 15.628 21.600 25.986

Total Angle Equipment Production Cost .

(Development plus Manufacturing) 13.056 18.172 23.144 27.530
pistance-Measuring Equipment Cost 3.315 4.862 6.409 7.956
Total System Cost 16.371 23.034 29,553 35,486

Table 10~3. BASIC DEVELOFMENT AND MANUFACTURING COSTS FOR THREE-YEAR PRODUCTION RUN
Quantity Manufacturing Costs
Development (Millions of Constant 1980 Dollars)
Subsystem Cost

75 ! 110 145 180
Systems Systems Systems Systems
Elevation Antenna 0.916 4.501 6,210 7.893 9.114
Azaimuth Antenna 0.924 5.346 7.446 9.369 10.875
Azimuth Expanded Antenna 0.416 0.232 0.306 0.402 0.471
Electronics 1.250 14.630 20,080 28.390 36.150
Shelters 0.102 3.212 4.684 6.120 7.516
Field Monitors 0.046 0.438 0.612 0.781 0.978
Remote Maintenance Monitors 0.003 0.387 0.571 0.752 0.936
Remote Control! and Status Panels 0.133 0.356 0.494 0.628 0.759
Integration and Test 0.262 0.826 1.116 1.384 1.571
Total 4,052 29.928 41.519 55.719 68.370

Total Angle Equipment Production Cost .
(Development plus Manufacturing) 33.980 45.571 39.711 72.422
Distance~Measuring Equipment Cost 3.594 ! 5.268 6.952 8.626
Total System Cost 37.574 0.839 66.723 81.048
1
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Table 10-4. MLS UNIT COST3 WITH PRODUCTION RATE VARIABILITY OVER A THREE-YEAR PRODUCTION RUN
(MILLIONS OF CONSTANT 1980 DOLLARS)

Production Quantities and Costs

7 3 4 a ,
System Type S Systems 110 Systems 145 Systems 180 Systems

Systeas Unit Systems Unit Systems finpt Systems Unit
Produced Cost Produced Cost Produced Cost Produced Cost

3CMLS 75 203,300 110 194,400 145 188,800 180 184,900
Basic I S5 416,400 el 384,800 106 372,100 132 361,800
Basic I 13 602,900 19 568,4C0 25 559,300 il 535,800

l Expanded 7 700,000 10 648,200 14 616,400 17 593,700

The costs presented in Tables 10-2 through 10-4 include many parts that
were priced as purchased items, including transmitters and DMEs. No cost
reductions were assumed for purchased parts for larger MLS production
quantities, because we had already assumed large quantity discounts for
purchased parts in the initial 75-system production run.

Even with the purchased parts, unit costs fo. the SCMLS are reduced
by approximately 9.1 purcent when the production quantity is raised from ;
; 75 to 180 systems. The Basic I costs are reduced by 11.8 percent, the K
3 Basic II costs by 1l.1 percent, and the Expanded costs by 15.2 percent as
: the Basic production guantity is increased from 75 to 180 systems. The
larger reduction in the Expanded system costs is because of the larger
quantity of systems for amortization of the development costs for the 1°
azimuth antenna.

10.2 LIFE-CYCLE COSTS FOR MLS GROUND EQUIPMENT

oS

The 25-year life-cycle costs for each MLS ground configuration are
summarized in Table 10-5 in constant 1980 dollars and in Table 10-6 in
discounted 1980 doliars. The LCC study used system acquisition costs
based on a 12C-system production run. The implementation scenasio ywused .
for the LCC analysis was taken from the draft MLS transition plaa; ‘
acquiring and deploying 1,177 MLS systems over 22 years. We included a
back azimuth system at. 20 perxrcent of the Basic I installations and at 10
percent of the SCMLS installations. We ran the LCC study over a 25 -year
period to examine the recurring logistic support costs without the effects
of acquisition and nonrecurring costs.
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10.3 DISCUSZION OF SENSITIVITY ANALYSIS
A sensitivity analysis was performed for the following areas:

* Sensitivity of life-cycle costs to variations in system MTBFs

Shelters versus weatherproof enclosures for Basic I MLS sites
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* Use of an azimuth beamwidth of 2° in lieu of 1° for the SUMLS

¢ Coverage of 40° for the SCMLS
¢ Implementation stratagies

* Production schedules for MLS equipments

Major variations in data for reliability of the total system were considered
to determine if there were any conditions that would significantly change the
maintenance costs of the various systems. The configurations were normalized
to allow comparisons among systems. It was found that the LCC was relatively
insensitive to changes in MTBF. This was not unexpected, because under the
centralized maintenance scenario, maintenance costs would not be a dominating
cost driver of the LCC.

A limited evaluation was performed to determine the cost impact of
eliminating shelters at Basic I MLS sites. It was determined that acquisi-
tion costs could be reduced by approximately 10 percent and installation
costs by 13 percent. The major cost benefit for logistic support costs was
the reduction in the costs of recurring spares as a result of the elimina-
tion of the shelters. The assumed MTBF for the shelters was 15 years. The
total life-cycle cost for a weatherproof-enclosed Basic I configuration was
approximately 11 percent, or $51 million, less than that for a shelterized
Basic I configuration for the given implementation strategy.

Tabie 10-7 illustrates the variation in costs between different SCMLS
azimuth beamwidth and coverage configurations. A narrower beamwidth for
the system evaluated results in an increase in life~cycle costs of approx-
imately 3 percent, while wider coverage incurs a 9.5 percent increase in
cost. A narrower beamwidth combined with wider coverage results in an
increase in life~-cycle cost of approximately 15 percent.

Table 10-7. LIFE-CYCLE COSTS FOR DIFFERENT SCMLS AZIMUTH CONFIGURATIONS,
BASED ON THREE-YEAR PRODUCTION RUN, 180 SCMLS

Cost by SCMLS Configuration
(Millions of Constant 1980 Dollars)

Cost Category
3° Azimuth 2° Azamuth 3° Azimuth 2° Azimuth
+10° Coverage | +10° Coverage | +40° Coverage | +40° Coverage
Acquisitiun 88.149 91.184 96.873 102,045
Installation 89.498 89.498 89.498 89.498
Nonrecurring Logistics 24.704 25.006 25.879 26.447
Recurrang logistics 84.020 82.651 101.324 112.020
Total 286.371 295.359 313.574 330.010
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MLS impiementation strategies directly affected the study costs. We
investigated a number of different strategies derived from our basic study
strategy. The total acquisition, installation, and nonrecurring logistic
support costs were not affected by implementation strategy as long as an
equal number of systems were acquired for any given strategy. This was
expected as long as constant dollars were used. The recurring costs are

time-dependent, however, even in constant dollars, because spares and main-
tenance actions and costs are dependent on system MTBF. A faster implemen-
tation rate would increase the recurring logistic support costs.

We evaluated the single-system implementation strategy of buying only
Basic I configurations and compared the results to the mixed-system impiemen-
tation strategy. The LCC results showed that acquisition and installation
costs were higher for a single system. This was expected because of the elim-
ination of the lower cost SCMLS configuration. For the same implementation
period and an equal number of systems purchased, there was a 53 percent re-
duction in nonrecurring logistic support costs and a slight reduction in re-
curring logistic support costs. In addition, an all-Basic I implementation
re uired more system maintenance hours on an annual basis -~ 575,900 hours
versus 551,700 hours -- but a“% an increase in cost of only $0.35 million.

W4e also evaluated a new transition plan strategy to acquire 1,250
systems over a l5-year period., The costs associated with this implementa-
tion plan were presented for information purposes only.

The production schedules for MLS equipments were evaluated witch respect
to both cost reduction through quantity production and the effect of twec
manufacturers for a single configquiration compared with a single manufacturer.
The cost reduction with varied production rates is shown in Table 10-4. A
comparison of data for dual manufacturers producing 75 SCMLS each and a
single manufacturer producing 145 SCMLS showed all costs to be higher for
the dual-manufacturer strategy -- approximately 8 percent higher for acquisi-
tion, 100 percent higher for nonrecurring logistics, 54 percent higher for
recurring logistics, and 27 percent higher for the total life-cycle cost.

10.4 COST DATA FOR MLS AIRBORNE CONFIGURATIONS

In addition to developing acquisition costs for ground equipment, this
study also developed acquisition costs for the three MLS airborne configura-
tions ~- air carrier aircraft avionics, high~-performance general aviation
aircraft avionics, and low-performance general aviation aircraft avionics.

The total avionics acquisition costs associated with the MLS airborne
configurations are shown in Tables 10-8, 10-9, and 10-10. The values
indicate the propable selling price of the avionics to the respective
users. Appropriate markups for distribution are included on the basis of
known or expected practices of the avionics manufacturers. All costs are
based on 1980 dollars without inflation. Costs may vary as a function of
the production volume dictated by user demand.
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Table 10-8. AIR CARRIER AVIONICS COST PER MLS INSTALLATION,
BASED ON 500 UNITS PER YEAR (1980 DOLLARS)

. - Cost Total System
E .
quipment guantity per Unit Cost
MLS Receiver-Processor 2 8,880 17,760
MLS Control Panel 2 1,026 2,052
MLS Auxiliary Data Display 1 2,539 2,539
C-Band Antenna 2 150 300
Precision DME 1 11,385 11,385
Computer Inte?face 1 1,500 1,500
Total 35,536

Table 10-9. HIGH~FERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DCLLARS)

R .
. . “ Ll " }
e e AN o oaczad WD, ot Y B e Buh N

. . Cost Total System
Equipment Quantity per Unit Cost
MLS Receiver-Processor 1 7,219 7,219
MLS Control Panel 1l 923 923
C~Band Antenna 1 195 195
L-Band Antenna 1 117 117
Conventional DFME 1 5,850 5,850
CDI Display 1 916 916
Total 15,220

10-8
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l Table 10-10. LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT 3
3

AVIONICS COST PER MLS INSTALLATION, BASED g
ON 1,000 UNITS PER YEAR (1980 DOLLARS) £

. X . Cost Total System i
Equipment Quantity per Unit Cost : g
S 3
MLS Receiver-Processor 1 1,648 1,648 %
C-Band Antenna 1 346 346 §
CDI Display 1 600 600 %
Total 2,594 E
%;é
3
a

The costs developed in this study were based on existing prototype
equipments. Actual costs were derived only for equipment that needed to
be developed for MLS installations.

10.5 LIFE-CYCLE COSTS FOR MLS AIRBORNE EQUIPMENT

The life-cycle costs for the MLS avionics used in each aviation com- Tk
munity are presented in Tables 10-11, 10-12, and 10-13 for both new and
retrofit installations. The unit acquisition cost for low-performance GA
aircraft in Table 10-13 is different from the acquisition cost illustrated
in Table 10-10, because the LCC allows for the normal distributor discount
if the distributor installs the avionics in the aircraft. -

Table 10-11. COST OF OWNERSHIP FOR COMMERCIAL p
AVIATION AIRCRAFT 3
Costs (Constant 1980 Dollars) 4
Cost Category - é;
New Installation Retrof1§ > 74
Installation i,
‘ Acquisition 35,536 35,536 H
% Installation 6,940 11,560 3
i Nonrecurring Logistic 10,032 10,032 &
f Recurring Logistic 1,469 1,469
: (First Year)
; First Year of 53,977 58,597
: Ownership
Life-Cycle Cost 83,357 87,977 5
4
2
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Table 10-12. COST OF OWNERSHIP FOR HIGH-
PERFORMANCE GENERAL AVIATION

"
i
AIRCRAFT §
Costs (Constant 1980 Dollars) i é
Cost Category Retrofit %
. etrofi o
New Installation Installation %
i
Acquisition 15,220 15,220 %
Installation 5,860 9,770 §
Recurring Logistic 135 135 §
(First Year) 4
¥
First Year of 21,215 25,125 3
Ownership %
Life-Cycle Cost 23,915 27,825 g
X
4
Table 10-13. COST OF OWNERSHIP FOR LOW- g
PERFORMANCE GENERAL AVIATION %
AIRCRAFT 13
z
Costs (Constant 1980 Dollars) §
2
1;:;
Cost Category Retrofit %
. 2
New Installation Installation §
e
Acquisition® 2,075 2,075 3
Installation 195 325 g
Recurring Logistic 10 10 3
(First Year) 1
3
First Year of 2,280 2,410 5
Ownership N
p:
Life-Cycle Cost 2,460 2,590 |
*Cost is discounted to allow for distributor ¢
installation. H
i
Table 10-14 presents the cumulative life-cycle costs for the entire ;g
aviation community in constant 1980 dollars; Table 10-15 presents these 4
costs in discounted 1980 dollars. The individual aircraft owner costs 3
are likely to be of the most interest to the general aviation community, i
while the air carrier community will probably ke more concerned with the ﬁ
cumulative costs of system implementation. No sensitivity analysis was ke
conducted for the MLS avionics. ¥
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Table 10-14. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
CONSTANT 1980 DOLLARS

w3
X

3

7

3 . Al
, 1 g
: Cost by Aircraft Avionics Category f §
- Cost Low-Performance High-Performance : Total %
3 Category Ge Commercial ota ,’f
: neral General Aviationt 5
4 Aviation* Aviation** 4
s E
? Acquisition 266.476 501.132 185.320 952.928 g
3 Installation 26.405 233.996 49.128 309.529 §
: ’ by
; lonrecurring 9.384 27.980 42.254 79.618 g
Logistic 3

Recurring 12.371 45.905 119.388 177.664

Logistic
Total 314.636 809.013 396.090 1,519.739

*117,900 new installations; 10,500 retrofit installations.
*%22 425 new installations; 10,500 retrofit installations.
42,415 new installations; 2,800 retrofit installations.

N A R T Ty

3
} Table 10-15. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
UISCOUNTED 1980 DOLLARS
L
; Cost by Aircraft Avionic Category
3
3 Cost X
Low-Performance | High~Performance . Total
Category Commercial
General General Aviatio , 3
* Aviation Aviation on -
Acquisition 44.354 86.775 51.023 182.152
Installation 4.430 41.297 15.186 60.913
Nonrecurring 1.701 4.916 12.680 19,297
Logistic
Recurring 1.521 5.774 19.408 26.703
Logistic
Total 52.006 138.762 98.297 289.065
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10.6 RELATION OF THE MLS COST ANALYSIS TO IMPLEMENTATION OF A NATIONAL
MICROWAVE LANDING SYSTEM

The purpose of this study was to evaluate the costs of the ground and : y
airborne equipments of the MLS concept; it was not intended to address !
other key issues that will most likely affect tne implementation of a
National Microwave Landing System (NMLS). Among these issues are such
questions as what is the best implementation strategy, how many systems
of what type should be deployed and where, and is there an optimum beam-~
width/coverage system with respect to dollars spent.

e A T A s A3

The installation costs in this study may be considered to be those for
a worst-case scenario, because we did not consider any cost benefits that
may accrue during installation because of existing trenches, cables, pads,
and roadways. In addition, the analyses and results reported herein have
been based on assumptions of deployment and maintenance scenarios as well
as production quantities of equipment. Any changes to those assumptions
will change the LCC results. The sensitivity analysis offers some insight
into how the LCC results would change with different implementation
strategies, equipment deployment strategies, and manufacturer-producibility
strategies.
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data sheet.

parts.

A-1 Basic
A-2 Basic
A-3 Basic
A-4 Basic
A-5 Basic
A-6 SCMLS
A-7 SCMLS

SCMLS configurations.

APPENDIX A

MLS GROUND CONFIGURATIONS DETAILED COSTS

CONTENTS

A-1 Typical PRICE Data Input Sheet
A-2 Typical PRICE Data Output Sheet

I Azimuth Antenna Parts List and Costs

I Elevation Antenna Parts List and Costs

I Azimuth Electron.ics Parts List and Costs

I Elevation Electronics Parts List and Costs
I Peripheral Equipment Parts List and Costs
Azimuth System Parts List and Costs
Elevation System Parts List and Costs

A-8 MLS Monitors and Other Equipment

This appendix presents a typical RC2 PRICE input worksheet and output
It also presents system parts lists and costs for Basic I and
The parts lists denote manufactured and purchased

A~5
A-6
A-7
A-9
A-1l
A-12
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input Data
vWorksheet

Basic Modes

File name:
Shest !1 of ™

**PRICE 84 (This must be used only as the first line of the file.}

Title: AZWEC COURSE PHASE PC BNARD Dats:
Produgtion 1 E/MITEM
Quantity M ooty pes Weight {ibel Vomma itth) 2 MECHANICAL
Gernral A ary PROTOS wt vou MoDE s gg;monm
7 ECIRP
110 L 0.45 0.016 1 10 DESIGN TO COST
Ouamtity/Next NHA integration Feeton Speeiiciton 3
Higher Asssmbly Electromne Stucturs! Lovel 3
Genersl B QTYNHA INTEQE INTEGS PLTFM ’
1 0.3 0.3 1.3 A
WEEOERAL 23" PTG NIRRT
Structure Manutecturing New v o, i mlpmant: - Misahoningd .

) Waeight Comelexity Svueture m ,{%&Hy!‘w =1 Mtigiiivy -
Mechanical/ MCPLXS HEwSTY oonre N e .
Structural ws : ARCY X

0 ) _ '
Clectrones Ma ! oa tur ing Now
weight/13 Compienay Elecwronscs
Electronics wicr MCPLXE NEWEL '
28.1 6.90 1.0 . N S
Qeveropment et Pratotype O » | | [ Yonling & Protetype
Stan Comelets Complere Complenity T ' | [ Amitey
Devalopment DSTART oFPRO DLPRO ecmeLX oruars " oo
B R T Ry MR
180 C % $81 1.0 0.3 .-
Production Fist Article Production ConPrecem Toohmp & . Retfiionth
Stert Delivery Compiete Factor Tost Samip. , '_;,W
Production PSTART PFAD PEND cre PIOTE ., NATOON ' . ..
. . [0 ’\.'\"l_‘ Lot L,
641 582 584 0.90 0,3, e gt
Production Development
Actusi Averags Ut Totsl Prototypes Towt
Cost Data AuCOSY pYCOST PACOSY DTCOST
(Mode 7 only)
Electironie Struaturel
Additional Volume frastion  Weight/td Torget Cost
Dats USEVOL WSCF TARCST
(Mode 10 only)
Notes:

WG #4046810

¥4046529

]

GC 1813 6/80

Best Available Copy

Note: inputs in shaded sraa are optional.

Figqure A-1.

TYPICAL PRICLE DATA INPUT SHEET

(BN
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DATE 29-APR-81

AZMEC COURSE PHRSE PL BOARD

PRODUCTION DURANTITY 1
PROTOTYPE GUANTITY i

- = - PRICE 34 - - -

fLL ELECTRONIC 1TEM

TIME 10203
281053

FILENAME:

10 UNIT e TEHT $.45 MODE

.9 UNIT YOLUME 0.02

AZBW3. DRT

QUANTITY/NHA 1

A

AR ok

SRS

*,

Ch R SRR Y ST

2ot

1

SRR

N

i

UNIT PROD COST 386.62  COST PROCESS FACTOP 0  MONTHLY PROD RATE  4.54 ¥
PROGRAM COSTYS 15 DEVELOPMENT PRODUCT 10N TOTAL COST %
ENGINEERING i
DRAFTING 10356. 1525. 12381, §
DESIGN 35279. 4279. 29649, ¢
SYSTEMS 1596. - 1596. 2
PROJECT MGMT 2230. 2632, 4863. - 5
DATA 762, 767. 1529. A
SUBTOTEL (ENGY S0814. 9203. 60017. :
S |
MANUFRC TUR 115 ;
FRODUCTION - 42748, 42743, :
PROTOTYPE 1095, - 1096,
TOOL-TEST EQ 102. 217. 319.
SUBTOTAL (MFG) 1199, 42965, 44164, g
TOTAL COST s2012. s2165. 10410, 3
DESIGN FRCTORS ELECTROMIC PRPOILMCT LEICFIPTORS
WEIGHT 0.450e ENGINEEFING COMPLESITY 1. 00
DENSITY 28,125 FROTOTYFE UPPORT 1.0
MFG. COMPLEXITY 6.900 PROTO SCHEDULE FRCTOR 200
NEW DEZIGN 1,000 ELECT “OL FFRCTION 1. 000e
DESIGN REFEAT 0. 00D PLATFOFM 1.3
EGUIPMENT CLAI3 sooce YEAR OF TECHNOLOGY 1950 -
ENGINEERING CHANGES 100 RELIAEILITY FACTOR 1.0
INTEGRATION LEVEL 0.3 MTEF (F IELD) 22957
SCHEDUILE STAFT FIPST ITEM FINISH
DEVELOPMENT  JAN 20 ¢ 11> NOV ne 6 MAY 21 <17
PRODICTION  MAY &1 C13>  MAY 82 C 24 MAY 24 ¢ 3D

SUPPLEMENTAL INFOPMATION

vERR OF ECONONMICS 1920
ESCALATION 0. 00
T-1 CD3T 628,28
fAMORTIZED UNIT CO3IT 474,25
DEY COST MULTIPLIER 1.38
PROD C€OST MULTISLIER 1.38

COST RANGE: DEVELOPMENT
FrOM 46716,
CENTER Sznlz.
10 60074,

Figure A-2.

7\

TOOLING % FPOCEIT FACTORS
DEYELOFMENT TOOLING
PRODUCTION TOOLING
RATE TOOLING
PRICE I1MFPOVEMENT FACTOR
UNIT LERRNING CURVE

PRODUCTION TOTAL COST
4684, 33357,
Seins. 104180,
Saa34, 120058,

TYPICAL PRICE DATA OUTPUT SHEET

o 300
« 300
]
« 200
« 313
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. Tabie A-1. UASIC | AZIMUTH ANTENNA PARTS LIST AND CUSTS ‘%ﬁ
. Coat 7 4
Ttem Source® | NTMY Qir::::y Development| Production | Unit System ) %
- ($/Unit) ($/unit) j(Dollars)}(Dollars) ' g
%
Chassis ] 59401 1 651 6552 7203 7203 3
Ground Plans “I u 88225 1 233 1777 2010 2010 é
fadcws u 50858 1 832 5011 5843 5843 3
Undercarriage L 248365 1 229 1899 2128 2128 -%
Wavequide Element M 175286 sS4 1 103 104 5616
Wavequida Plate M 486587 10 1 16 17 170
Waveguide Clamp M 1526463 6 1 1 2 12
Air Duct M 163715 2 295 298 596
PCB L b 30107 1 237 492 729 729
PCB 2 1 30685 1 233 484 7 7
PCB 3 M 32987 1 208 406 614 614
PCB 4 M 27398 1 244 469 713 713
$CB S u 15446 1 195 374 569 569
; PCB 6 M 37815 2 74 243 317 634
PCB 7 M 43245 1 150 256 406 406
B8U Panel M 35283 1 126 152 278 278
Card Rack M 173032 1 5 323 328 328
Eavironmntal |4 109019 1 1 217 218 218
Control Box
Safety Switches P 391741 1 1 31 32 32
Power Supply P 40000 4 3 520 523 2092
Phase 3hifter M 196422 50 3 251 254 12700
Power bivider M 154452 1 131 381 512 512
1 video Amplifier P 17735 1 5 9n2 907 907
Detector P 660766 1 1 2029 2040 2040 ’
Coupler P 154568 1 2 315 17 317
Fire Extinguisher |4 204304 1 1 69 70 70
Air Conditioner P 85949 2 3 583 586 1172
) Integral Monitor M 87114 1 219 943 1162 1162
Junction Box P - 1 10 1771 1781 181
Obstruczion Light P - 1 2 362 364 364
Junct.ion Box P - 4 1 44 45 180
BMI Filter P - 1 2 322 324 324
Fan ° - 4 1 72 73 292
Integration & Tost M - 1 246 1406 1652 1652
* ¥ = Manufactured
P = Purchased
A-5
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Table A-2. BASIC I ELEVATION ANTENNA PARTS LIST AND COSTS i
%
Cost ‘| }3%
System . L
: Item Source® Quantity| Developmant [Production{ Unit System ' §§
i ($/unit) (S/unit) {(Dollars)|(Dollars) %
Chassis ) 115022 1 1214 12849 14063 14063 P
Radome u 67870 1 407 2211 2618 2618 ¥
Alr Duct M 122195 2 3 663 700 1400 ,g
2 B3
; OCI/Antenna Assenbly M 56176 1 695 4251 4946 4946 3
Phase Shifter M 196462 24 3 251 254 6096 .
; Antenna Element M 91438 1 204 1034 12138 12138 A
PC Board M 117314 1 110 400 s1o 510 %
Monitor Wavequide M 134819 2 42 365 407 814 K]
OCI Radome M 167443 1 58 200 258 258 :
Status Panel u 35283 1 217 161 3718 378 %
PCB 1 " 17700 1 267 1126 1393 1393 3
pcB 2 u 21444 1 192 638 830 830 2
PCB 3 4 18309 1 252 1018 1270 1270 A
PCB 4 M 18058 1 258 1062 1320 1320 ,g
Electronic Rack ] 173032 1 s | 323 28 328 125
4-Way Power Divider 13 58656 1 2 354 156 356 ‘%‘;5‘
5~Way Power Divider P 27304 4 1 418 419 1676 K.
Power Supply P 40000 5 2 644 646 32130 3
bl
Air Conditionec P 85949 1 3 543 586 586 3
Blink Lights P - 1 2 162 364 364 . %’
3 EMI Filter P - 1 2 122 324 324 «g
A Lightning Board M 20936 2 i 370 m 742 3
3 vent Fan ] - ? L 72 13 146 5
E Environmental P |2187887 6 1 15 16 % %
Control 5]
4 X
E Bus Bar P - 14 1 3 4 56 B
3 Power Box 3 32588 3 1 96 97 291 © 5
Relay ? 17049 1 1 51 52 52  :
3 Integration & Test N - 1 249 883 132 1132 , i
43 bi
B * M = Manufactured 3
3 P = Purchased . 2
i
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Table A-J. BASZIC 1 AZIMUTH ELECTRONICS PARTS LIST AND COSTS
cont
iten Sourcet | HTRP Qﬁ{::::y Dsvelopmernt| Production| Unit System
($/Unit) ($/Unit) | (Dollars){ (Dollaxs)
hzimuth Maintenance Monitor
Bl M 32718 3 12 221 233 699
PCB 2 M 43189 1 36 191 227 227
PCB 3 M 35252 1 39 191 230 230
PCB 4 M 33468 1 31 219 250 250
PCB 5 L] 32835 1 22 208 230 230
PCB 6 M 32527 3 63 256 319 319
PcB 7 M 39542 3 31 138 169 169
PCB 8 M 30976 2 31 256 287 574
PCB 92 M 33437 1 121 254 375 375
PCB 10 M 31510 2 18 241 259 518
PCB 11 M 33112 1 32 228 260 260
PCB 12 32835 1 24 226 320 320
PCB 13 36131 1 :1¢] 180 260 260
°CB 13 36753 1 26 170 196 196
PCB 15 M 35706 1 19 161 180 180
PCB 15 M 33157 1 62 294 356 356
PCB 17 M 316700 1 26 in 197 197
CB 18 hd 33468 2 29 205 234 468
PCB 19 M 33157 3 7 217 224 672
PCB 20 M 32565 1 48 266 314 314
PCB 21 M 30301 1 25 290 315 315
Front Panel PCB M 19829 1 25 2R4 319 319
Front Panel M 162673 1 1. 277 289 289
~hassis M 133780 1 10 534 544 544
Integration & Test M - ) 81 328 411 411
Transmitteyr 2 30000 1 212 48,300 48,512 48,512
* M » Manufactured
P » Purchased
{continued)
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Table A-4. (continued)
-~
Cost
System
®
Tten Bource® { WTBF | osantity | Development|prodiction| unit | system
(S/unit) ($/Unit) |(Dollars)| (Dollars)
Azimuth Local Control Status
PCB 1 M 31994 1 9 27 280 280
PCB 2 M 30022 1 24 283 307 307
PCB 3 M 34770 1 80 226 306 306
PCB 4 M 34127 2 41 201 242 484
PCB 5 M 39542 1 63 157 220 220
PCB 6 M 35093 1 79 21 300 300
PCB 7 M 36753 1 16 170 186 186
PCB 8 M 35730 1 26 162 188 188
PCB 9 “ 32638 1 69 303 32 372
PCB 10 M 32278 1 e84 460 544 544
Oscillator P 107029 1 1 136 137 137
Front Panel PCB M 21075 1 33 270 303 303
front Panel M 162673 1 12 277 289 289
Chassis M 1239684 1 12 651 663 663
Integrati 1 & Test M - 1 6l 201 262 262
Electronics Power Supplies
Powar Supplies 4 40000 4 3 h44 647 2588
Front Panel M 194135 1 i 207 208 208
Chassis M 137606 1 3 496 499 499
Integration & Test M - 1 A8 92 140 140
Mainterance Monitor Power Supplies

Powex Supplies P 40000 3 3 643 646 1938
Front Panel M 194135 1 1 205 206 206
Chassis M 137606 1 3 502 508 505
Inteqration ¢ Test M - 1 57 9l 148 148

¢ M = Manufactured

P = Purchased
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Tadle A4  BASIC I ELEVATION ELECTRONICS PARTS LIST AND COSTS C o
%
2
Cost -
N System g
L]
Iten Source® | NTBF |, antity| Development|Production| unit System [ 2
{S/unit) ($/Unit) |(pollars){ (Dollars) ! E
. £
Elevation Maintenance Monitor g
i
£
2 PCB 1 M 32718 3 12 221 233 699
A PCB 2 M 43189 1 36 191 227 227 3
A PCB 3 M 35252 1 39 191 230 230 3
PCcE 4 M 334680 1 31 219 250 250 .
3 PCB 5 “ 32035 1 22 208 230 230 ]
| PCB 6 " 39542 1 i1 138 169 169 3
. 23
§ PCB 7 M 30967 3 31 256 287 861 ke
3 PCB 8 “ 41589 1 166 453 619 619 2
B 9 M 31510 2 18 241 259 518 z
; PcB 10 M 33112 1 3 229 260 260 é
: PCB 12 “ 32835 1 94 226 320 320 3
1 PCB 12 M 36131 1 81 179 260 260 4
g PCB 13 4 35706 1 19 161 180 180 3
: PCB 14 M 38957 1 176 479 655 655 j;‘:
PCB 15 41368 1 133 270 403 403 '«’f;
PCB 16 n 36700 1 26 1M 197 197 é
PCB 17 M 33466 1 29 205 234 234 3
3 -
3 PCB 18 M 36284 1 163 367 530 530 g
pcB 19 M 33157 3 7 217 224 672 . g
PCB 20 » 32565 1 a8 266 314 314 g
PCB 21 u 30301 1 25 290 315 15 3
Front Panel PCB M 19829 1 35 284 319 319 §
Front Panel M 162673 1 12 27 289 289 §
7 J
2 Chassis M 133780 1 10 534 544 544 3
Integration & Test M - 1 a3 328 411 411 2
=
Transmitter P 30000 1 212 48,300 48,512 | 48,512 a3
+ .
* M = Manufactured
: P = Purchasea
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Table A-4. (continued)
Cost
System
L]
Ttem Source HTBE Quantity | Development|Production| Unit System
($/Unit) ($/unit) |(Dollars)|(Dollars)
Elevation Local Control/Status
cB 1 M 31994 1 8 272 280 280
PCB 2 ] 30022 1 25 293 318 318
PCB 3 M 38665 1 188 33 519 519
PCB 4 M 34127 2 41 209 250 500
PCB S M 35730 1 26 168 194 194
PCB 6 M 37216 1 162 499 661 661
pcy 7 M 37216 1 162 499 661 661
Osc'.liator P 107029 1 1 136 137 137
Froat Panel PCB M 21075 1 36 245 281 281
Front Panel M 162673 1 12 281 293 293
Chassis M 123094 1 11 660 671 671
Integration & Test M - 1 46 147 193 193
Electronics Power Supplies
Power Supplies b4 40000 4 3 644 647 2588
Front Panel M 194135 1 1 207 208 208
Chassis Hu 137606 1 k) 496 499 499
integration & Test M - 1 48 92 130 149
Maintenance Monitor Power Supplies
Powe:r Supplies P 40000 3 3 642 646 1938
Front Panel M 194135 1 1 205 206 206
Chassis M 137606 1 3 502 505 505
Integration & Test ] - 1 57 91 148 148
* M = Manufactured
P » Purcihased
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Table A-5. BASIC I PERIPHERAL EQUIPMENT PARTS LIST AND COSTS
Cost
Ivem Source® | «T8F Qi:::::y Development|Production| Unit Systea
($/unit) ($/Unit) | (Dollars) [(Dollars)
Azimuth and Elevation Cabinet
Cabinet P 66359 2 1 332 333 666
Grill P 229440 2 1 33 34 68
Blowar P 89279 2 1 211 212 424
Amplifiers P 17735 8 1 502 503 4024
RF Detector P 41443 8 3 475 478 24
Directional Coupler P 154365 2 1 316 317 634
Integration & Test P - 2 221 270 491 ‘| 92
Azimuth and Elevation Shelter

Shelter . 31 112790 11301 22602
AC Power Distrilu- P L 2 1 282 283 566
tion Box

Aix Conditioner P 85949 2 1 500 501 1002
Telephone P . 2 1 44 45 90
Work Bench P .. 2 1 136 137 274
Work Cabinet P . e 2 1 327 328 656
Exhaust Fan P .. 2 1 164 165 330
Fire Extinquisher P .. 2 1 ;] 69 139
Nitrogen Supply P .. 2 1 403 404 808
Rottle

Air Exhaust Duct M . 2 13 312 325 650
Laghts P » e 2 1 3162 363 726
Air Intake M . 2 29 210} 830 1660
nCYy Antenna Bracket M . 2 1l 403 434 868
1D Antenna fBracket M .. 2 16 379 395 790
Waveguide Assembly M 175286 1 1 104 105 420
Radome M 104591 4 43 594 637 2548
Signal Distribution P .. 2 8 2897 2905 5810
Box

Inteqgzration & Test M - 2 117 355 472 944

INTEGRATION AND TEST

Azimuth Subsystem " - 1 825 2635 3460 3460
Elevation Subsysiem 3 - 1 747 2106 2853 2853
Basic I System - 1 807 2422 3229 3229
* & - All items included in 1S-year MTBF of shelter.

* M =» Manufactured

P « purchased

L4

l/\~

A-11




Y

COEPar Lt e i e T

s

T

e e

Table A-6. 3SCMLE AZIMUTH SYSTEM PARTS LIST AND COSTS
Cost
Item Source*} MTBP Qiz;:::y Development}Production} uUnit System
($/unit) ($§/0nit) |(Dollars)|(Dollars)
PCB 1 M 20978 1 104 337 441 441
PCB 2 M 20130 1 130 532 662 662
PCh 3 M 16852 1 166 759 325 925
] 4 M 21156 1 193 559 752 752
PCB S M 16852 1 166 759 925 925
PCB 6 M 17502 1 157 693 850 850
PC Chassis M 184493 1 ? 242 249 249
Antonna Chassis M 41330 1 487 2251 2738 2738
Undercarriage ] - 1 229 1872 2101 2101
Radome M 66452 1 428 2377 2805 2805
Antenna Element N 193720 52 1 19 80 4160
Antenna PC Board M 393727 1 34 207 241 241
Column Radiator L 144408 1 84 242 326 326
Phase Shifter M 196462 10 11 287 298 2980
Phase Shifter Driver M 112454 10 4 76 80 800
ronnectors P 248590 67 1 25 26 1742
Timer 4 8450 1 1 46 47 47
Voltmeter P - 1 1 31 32 32
Volt & Timer Chassis M 242921 1 20 124 144 144
Power Supply P 40000 3 4 644 648 1944
Status Panel M 35283 1 82 135 217 217
Blink Lights P 249062 1 2 362 364 364
Circuit Breaker 3 311442 1 1 104 105 105
Transmitter P 30000 1 l68 12200 32368 32368
Battery Pack 4 26304 1 L) 81 785 185
Telephone P - 1 ] a4 45 45
Air Conditioner P 69398 1 3 583 586 S86
Integral Monitor ] 31143 1 191 290 481 481
Field Monitor M 31143 1 191 290 481 481
Moden P 14904 1 3 483 486 486
6-Way Power Divider P 27304 k] 1 419 420 1260
2-Way Power Divider |4 82431 2 L 201 202 {04
Voltage Regulator P - 1 2 322 324 324
Lightning Boards L. 50000 2 1 402 403 806
Maintenance Shelter M 581659 1 M 242 243 243
Integration & Tast ] - 3 319 1183 1502 1502
System Integration ] - 1 225 1209 1434 1424
& Test

* N = Manufactured
P » Purchased
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Table A-7. SCMLS ELEVATION SYSTEM PARTS LIST AND COSTS §;

syaten Cost ( ‘%

Iten Source® | MIBE  |oiantity| Development|Production| unit | System L3

{($/Unit) ($/Unit) {(Dollars)|(Dollars) 4

PCB 1 M 20978 1 104 337 a1 a1 4

PcB 2 M 20130 1 130 532 662 662 3

PCB 3 M 16852 1 166 759 925 925

BcB 4 M 21156 1 193 559 752 752 3

PCB 5 “ 16852 1 166 759 925 925 3

PCB 6 “ 17502 1 57 693 850 850 ,

PC Chassis u 184493 1 7 242 249 249 4

Antenna Chassis M 33670 1 306 3084 3590 3590

Undercarriage “ - 1 229 1872 2101 2101 b

Radome M 93040 1 192 960 1152 1152 E

Antenna Element M 90325 1 167 864 1031 1031 3
Antenna PC Board ] 367910 1 32 249 281 281
Column Radiator M - - - - - -
Phase Shifter u 196462 10 11 287 298 2980
Phase Shifter Driver M 112454 10 4 76 80 800
Connectors M 248590 20 1 25 26 520
Timer P 8450 1 ] a6 47 47
Voltmeter P - 1 1 3 32 32
Vol mer Chassis ~ 242921 1 20 124 144 144
;| Powe: .. af ? 40000 3 4 644 648 1944
A Status Panel M 35283 1 82 115 217 217
3 Blink tights P 249062 1 ? 362 164 364
Circuit Breaker P 311442 1 1 104 105 105
3 Transmitter P 30000 1 168 32200 32368 32368
g Battery Pack P 26304 1 4 781 785 785
¢ Telephone P - 1 1 44 45 45
% Air Conditioner P 69398 1 3 583 586 586
3 Integral Monitoc P 31143 1 191 290 481 481
q Field Monitor ? 31143 1 191 290 481 481
5 Moden P 14504 1 3 483 486 486
E 6-Way Power Divider ) 27304 3 1 419 420 1260
: 2-Hay Power Divider P 82431 2 1 201 202 404
Voltage Regulator 4 - 1 2 322 324 324
Lightning Boards M 50000 2 1 402 403 806
é Marntenance Shelter p 581659 1 1 242 243 243
Integration & Test M - 1 332 1147 1479 1479

* M = Manufacturer
P = Purchase
A-13
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TalLle A-A. MLS MONITORS AND OTHER EQUIPMENT
Cost
System
-
Ttem dource® | MTBF |0 antity |Development|Production| unie | system
(3/Unit) ($/unit) |(Dollags)| (Dollars)
Azimuth Field Monitor
T
Sase Plate M 299016 1 7 229 236 236
Lower Mast M 223129 1 14 459 473 473
Edge Slot Element M 175450 1 2 102 104 104
Power Box P 221629 2 1 129 130 260
Detector P 41443 1 1 475 476 476
Arplifier P 17735 1 1 502 503 503
Integration & Teat M - 1 8 27 35 35
Elevation Field Monitor
Base Plate M 282262 1 ? 263 270 270
Monitor Pole M 207410 1 27 245 272 272
owar Mast M 223129 1 16 459 47s 475
Elemant Extension L 210337 1 26 2136 262 262
Nesting Channel M 279709 1l 17 114 131 131
Mast Section M 216182 1 25 220 245 245
AC Power Box P 221629 2 1 129 130 260
tLights P 249062 1 2 365 367 367
Detector P 1 1 375 476 476
Amplifier P 1 1 502 503 503
Integration & Test M - 1 14 53 67 67
Tower Remote Panel
PCD 1 M 35871 1 209 S0S 714 714
PCB 2 L 34308 1 195 408 603 603
Front Panel PCB M 21412 1 9% 339 435 435
Front Panel M 162673 1 93 340 423 423
Ramote Chassis M 133991 1 28 645 673 673
Power Supply P 40000 2 3 644 647 1294
Integration & Test M - 1 67 108 175 17%
Other Items
Antenna Switch e« $0000 1 644 646 646
Uninterruptable ** P 50000 1 4 1612 1616 1616
Power Supply
Remote Maintenance P $0000 1 S 1934 1939 1939
Monitor Terminal

Remote Status Panel M 50000 1 2 285 287 287

* M = Manufactured
? = Purchased

** Basic I System
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APPENDIX B

INSTALLATION COSTS
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1. INTRODUCTION

Ground equipment installation costs were determined on the basis of
probable personnel, equipment, material, trenching, and flight inspection
costs. These cost categories take into consideration the total installa-
tion rather than just the component parts such as site preparation, site
construction, and actual eguipment installation.

It was assumed that the MLS azimuth site would be located on an
extended runway centerline 1,000 feet beyond the stop end of the runway
and that the monitor site would be 200 feet in front of the azimuth site
for the Basic configuration and 100 feet for the SCMLS configuration. A
shelter, if used, would be 200 feet to the side of the azimuth antenna.
The elevation site would be located 1,000 feet from the runway threshold,
and the monitor site would be similar to the azimuth site. A shelter, if
used, would be within 20 feet of the elevation antenna. We assumed that
the SCMLS would be installed on a 6,900-foot runway, the Basic MLS on a
9,600~-foot runway, and the Expanded MLS on a 15,900-foot runway. These are
approximate average distances from the Systems Research and Development
Service (SRDS) MLS Technical Data Package submitted to Airways Facilities.

2. PERSONNEL COSTS

Personnel costs are illustrated in Table B-l under three categories ~-
FAA personnel, MLS contractor personnel, and subcontractor personnel. FAA
personnel are those required by various FAA orders to plan and oversee land-
ing aids installations. MLS contractor personnel are technical people who
will plan the installation and provide on-site supervision and assistance
to subcontractor personnel during site preparation, construction, equip-
ment installation, and equipment tune-up and checkout. In addition, MLS
contractor personnel may assist in the site-certification process. Sub-
contractor personnel are those who will actually prepare and construct the
MLS site. Electricians listed under subcontractor personnel will be respen-
sible for all electrical work other than cable installation in trenches.
Electricians involved in trenching work are included in trenching costs.

The man-months listed in Table B-l1 are based on the assumption that
FAA and MLS contractor personnel will be experienced in installing landing
aids. Subcontractor personnel manning levels are hased on the expected
productivity for a particular job. The total man-months are based on past
estimates for installing MLS equipment and on the coaclusions reached in
NASA Technical Memorandum 78588 of August 1979, Site Preparation and Instal~-
lation of the Prototype Texas Instruments Basic Narruw Configuration Micro-
wave Landing System. A man-month was assumed to consist of 21 working days.

Costs for FAA personnel are taken from Office of Personnel Management
Services civilian pay rates for economic analyses and program evaluations
under OMB Circular A-94. These costs include employee benefits, training,
and some TDY. MLS contractor personnel costs are based on 1980 .ndustry
averages. Subcontractor personnel costs are taken from editions of Means
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Table 8-1. PEKEONNEL COSTS ASSOCIATED WITH MLS INSTALLATION 4
} Ixpected Costs® and Time per Inmtallatjon E
Llocation Parvounnel "":: :;" SCML3 Rand. Expandsd g
Man-Months Cont Man~Months Cost. Man-Months Jost, . %ﬁ
FAR Parsonnel i §
3 . ¥
Project 42,907 0.8 2,900 1.0 3,600 1.2 4,300 . \;::f
Engineer %
; Raglon Electronic 36,234 0.8 2,400 1.0 3,000 1.2 3,600 5
Engineer A
4 ¥
E Draftsman 17,016 0.5 700 0.5 700 0.7 1,000 £
: i
Resident 36,234 t.0 3,000 2.0 6,000 3.0 9,000 §
Engineer §
Fleld 30,329 1.0 2,500 1.5 3,800 2.9 5,100 ¥
on Site Technizian ¥
3 Per diem at N/A 2.0 2,100 3.5 3,700 5.0 5,300 %
$50 a day ™ 3
Y Subtotal - -- 13,600 . 20,800 - 28,300 E;
MLS Contractor Parsonnel ;
Engineering 83,300 0.4 2,800 0.5 3,500 0.6 4,200 *
In Plant . 3
Drafting 58,000 0.6 2,900 0.8 3,700 1.0 4,800 A
b
Field 54,700 2.0 9,100 3.0 13,700 4.0 18,200 E
Engineering X
On 33te | par atém ac N/A 2.9 2,100 3.0 3,200 4.0 4,200 {3
S50 a day e
%
Subtotal - - 16,900 - 24,300 - 31,400 ;
®
Subcontractor Personnel .}iil
Electracian 47,100 0.4 1,600 0.7 2,700 1.0 3,900 . ’-§
Truck Drivar 33,200 9.4 1,100 0.4 1,100 0.4 2,600 %
toader 43,500 0.5 1,800 0.6 2,200 0.6 2,200 5
Operator ;g
Compactor 43,500 0.5 1,500 0.6 2,200 0.6 2,200 3
Operator %
Concrete 48,900 0.9 3,700 1.0 4,100 1.0 4,100 3
on Site Foreman
Carpenter 41,1300 0.9 3,100 1.0 3,400 1.0 3,400 .
Concrete 39,300 2.2 00 0.2 700 0.2 700
Finisher
Laborer 33,052 0.7 1000 . 2,200 0.9 2,500
3urveyor 42,500 0.4 1,400 0.5 1,800 0.6 2,100
Crane Operator 44,800 0.1 400 0.1 400 0.1 400
Subtotal - - 17,500 - 20,800 - 24,300
Total Cost - - 48,000 - 65,900 - 84,000
*Constant 1980 dollars.
¥
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Building Construction Cost Data for 1979, 1980, and 198l1. All costs are
calculated in 1980 dollars.

3. EQUIPMENT COSTS

Equipment costs were developed by analyzing the types of equipment
required for site construction, such as backhoes, trucks, ccompactors, and
cranes. Daily or monthly rental costs from Means Cost Data were used where
appropriate. The equipment costs do not include excavating equipment used
for trenching. It was assumed that the Basic and Expanded MLS sites would
have the same equipment costs because, except for trenching costs, the sites
are essentially similar. We also included $1,800 in equipment costs for
preflight inspection flights by contractor-provided aircraft.

4. MATERIAL COSTS

Material costs were developed on the basis of the materials expected
to be used in the construction of the site. It was assumed that a SCMLS
would use approximately 17 cubic yards of concrete, based on Hazeltine
drawings. A Basic or Expanded site would use approximately 25 cubic yards
of concrete, based on Bendix drawings of the Basic wide installation at NASA
Wallops Island, Virginia. We used an approximate figure of $295 per cubic
yard of concrete from Means Cost Data for 3,000 psi concrete. This cost
includes forms and r: inforcing rods. Other costs include gravel fill,
counterpoise wire, 2nchor bolts, and so forth. An additional $3,000 was
added to Basic and Expanded sites to account for use of the pressurized
waveguide. The nominal price for the pressurized waveguide accessory kit
is $1,500 per azimuth or elevation site.

S. TRENCHING COSTS ‘

Trenching costs were developed by analyzing the general trenching
requirements for Bendix, Hazeltine, and Texas Instruments MLSs. We decided
on a standardized general trench four feet deep and eighteen inches wide.
Approximately five inches of sand fill would be on the bottom, and the
signal cable would then be laid. Additional fill material and power cables
would be installed if required, witn approximately 12 inches of separation
between the signal cables and power cables. After another 12 inches of
backfill, three protective ground wires of bare copper would be installed.

Trenching installation costs include excavation, backfill, material
and equipment costs for backfill, and labor costs for installing required
cables. Table B-2 details the typical trenching installation costs and
cable costs that go into each trench. Cable costs were determined by
analyzing the cable types required for the Basic wide IMNLS installation at
NASA Wallops Island. The variance in cable costs is the result of different
types and numbers of cables being installed in a particular trench. It was
assumed that all MLS synchronization cables and site to remote control/status
indications would be six-twisted-pair cable protected by three bare ground
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wires. Racause the SCMLS 1s a nonshelter MLS, there are no trenching vosts
for system electronics to system antenna connections.

The trenching costs by ystem type in Table B-2 are based on the
total installation and cable costs, which are national averages taken ’
from Means Construction Cost Data. A standard trench and fill were devel-
* oped for this analysis, because trenching costs are known to vary widely

throughout the United States.
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6. ROADWAYS AND POWER
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Roadway costs were developed by assuming that approximately 1,500
feet of gravel road would be built to the site. We used the factor $6.65
per foot for the cost of a gravel road, taken from Defense Communicat?

Agency Circular 600-60-1.

2

¥

We assumed that the cost of providing power to the MLS site would be
an average of $14,000 per site, on the basis of data in NASA TM 78588.

7. FLIGHT INSPECTION

mtctalan rENOEAY p R ke v

g Table B-3 illustrates flight inspection time and costs. The costs are
3 based on the use of FAA aircraft and flight crews for flight inspection.

2y

Costs are for on-site flight hours only and do not include the cost of
flying from a base airport to the MLS site to be certified. These transient

f costs would depend on whether or not the inspection aircraft is making a
: trip for the MLS checkcut only and where the base is in relation to the ’
MLS site.

b ond

The flight hours of Table B-3 have been updated from NASA TM 78588 and
ICAQO AWOP presentations through conversations with SRDS personnel. The
base cost per flight hour used in the table is from the Airways Facilities
flight inspection program study and is the projected 1980 composite flight

inspection rate.
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- YL TYPED SCALS (1M0)
- ANHUAL MAINTCNAHCE HOUAS AND LAKDR COSTH
& 1903 1908 107
LABOR CLTEOORY HOURS HANPOUCR cost HOURS MANPOUS R cos? HOURR RANPUVER
CONRECI IVE MAINT : 0. 0.00 0. 0. 9.00 0. teusa, *7.02
PREVENTIVE nALINT [ B 0.00 [ 0. 0.00 0. 158, .38
CALL=PACK RalNT 0, 0.00 0. 0. 0.00 0. 0. ot
TOTAL 931C AAINT 0. 0.00 9. 0. 0.00 0. 20401, [ LI
IASE LEVIL MEPAIR 9. 0.00 0. 0. 0.00 [ 2403, 130 §
MPOT LEVEL AIPAIR 0. 9.00 0. 0. 0.0¢ 0. 128, [N 34 ks
TOTAL SYSTEN HAINT 0. .. 0 0. 23013, ! 'g
1908 1999 190 ?j
b
LASOR CATEOORY HOURS RANPOULR cosr wours BANFOLER cost HOURS HANPOWER €osT H
CONRCSTIVE MAINT 21900, .16 319033, 26872,  102.50 342409, 278463, 114,82 406272,
FREVENTIVE RAINT 1853, 7.44 3456, 2110, e.70 39402, 2382, .75 43148. 2
CALL=PACA RAINY 0. 0.00 [ ] 0. 0.00 0. 0. 0.0 o.
TOTAL SITE ralnt 23733, *2.00 334489, 20993, 3131.1¢ 402071, 30239,  124.%7 449420, ﬁ
BASE LEVEL REPAIR 2790, 1.58 a0S. 3177, 1.00 %5343, 3344, 2.02 62020, B
DEPOT LEVEL REPALIR 147, 0.08 3029, 187, 0.00 3449, 3868, 0.11 3949, &
T0TAL SYSTEN MAINT 26470, 404324, 30327, 440843, 33%01. 515349, &
. E3
1991 1992 1993
LADOR CATEGORY WOUKS MANPOUER cost HOURS MANPOUER  COST HOUKS HANPOWER Tost
COSKECTIVE MAINT 30831,  127.13 449948, 340%1.  140.32 4943511, 391469, 161.41 71124,
PREVENTIVE BAINT 2024, 10.61 a48%a. 2909, .93 £0907. 3340, 13.76 <7329,
CALL=DACK HAINY 0. 0,00 0. 0. 0.00 0. o, 0.00 0.
TOTAL SITE MAINT 33475, 137.93 498742, 34950, 1%2.27 47418, 42508,  172.17 628433,
SASE LLVEL REPAIR 3950, 2,23 818 4343, 2.47 76034, 2028, 2.84 82584,
MPOT LEVEL REPAIR 208, 0.12 4289, 230. 0.13 4739, 245, 0.18 $459.
T0TAL SYSTEN MAINT 37634, S47047. 41545, 428193, 47801, 721498,
1994 1993 199¢
LAROR CATEGORY HANPOVER cosy HOURS HANPOUER cosY soLn RANPOUER cosT
CORRECTIVE HAINT 183.34 S48795., 49406, 204,42 723319, 5140,  227.23 804016,
PIEVENTIVE NAINT 15.45 44018, a3y, 17.42 70440, 4716, 19.43 773%s.
CALL=BACK NATINT 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE nAINT 199.01 712813, 33045,  221.0¢ 792239, S98%6. 246.46 81412,
SASE LEVEL RESALR 3,23 ”esi?2. 4381, 3.8, 111147, 2100, 4.02 123479,
PEPOT LEVEL REPALK 301, 0.17 6209, 338, 0.19 4928, 374, 0.21 7708.
TOTAL SYSTEN MAINTY 24313, . 918439, 40562, 211834, 47330. 1012799, ?
1997 1198 1999
LABON CATEGURY nouRs MANPOUER cost HOURS MANPOUER HOURS HANPOUER €osT
COARECTIVE mAln? 60072, 084479, 44714, 26660 489472, 284,20 1005623,
PREVENT IVE Miin® %173, 84323, 5542, 22.84 <909, 24.33 v4768.
CALL=BALK AAINT 0. 0. 0. 2.00 0, 0.00 0.
TOTAL SITE NATuT 42042, 247032, 70233, 269.31 74875,  308.35 1100408,
BASL LE' €1 REFAIR 7810, 136191, 8343, .72 s, 5.03 1549480,
DEPOT 1 ~VEL REFALIR a1, 8408, 43v. 0.23" » . A8l 0.2¢ %28, .
TOTAL SYSTER AAINT 74093, 1113713, 79037, 11897436, 84219, 1243023,
20¢0 2001 2002
LAKOR CATECORY HOURS  MANPOUER cost HOURS HANPOVER (4134 HOURS PANPOUER cosT
CORPECTIVE MAINT 23006, 303.83 1064320, 77402, 320.12 1132705, 81933,  337.63 1174879,
PEEVENTIVE ralnT 8257, 2%.7¢ 7”872, [YYS I 27.43 105758, 7020, 8.9 111319,
CALL=FACA nAINT 0. 0.06 0. 0. 0.00 0. 0.00 0.
TOTAL SITE HAINT 79283, 326.44 1164392, 04343, 342.%7 123048 80941,  366.60 1305789,
JASE LEVEL KEFAIR 9420, 3 164103, 10074, S.47 174491. 10281, .98 184318,
DEPOT LEVEL REPAR 494, 10228. pAN 0.30 108687, 257, 0.3 11487,
TOTAL SYSTER HMAINT 09180, 1332723, 4090, 3424042, 100078, 1201592,
2003 2004 2003
f
LAKOR CATEGORY WOUKS MANPOVER cosT HOURS RANPOUER costT HOURS HANFPOUER cost t
CORKECTIVE nAINT 84395,  3%4.02 1259740. 20834, 374.42 1324791, 95104, 391.71 1385734,
PREVENTIVE HAINT 7413, 30.59 116729, 7799, 32.14 122348, 8166, 33.4% 127490, 1
CALL=BACK PAINT 0. 0.00 0. 0. 0.00 - 0. [N 0.00 0. t
TOTAL SITE MAINT 23008, 30s.97 1376449, 8435, 406.54 1447138, 103270,  425.%6 1514433, :
BA.. LEVEL REPALR 11163, .3 194422, 11741, .64 204520, 12293, .93 214352, }
DEPOT LEVEL KEPAIR 92, 12117, 8. 0.33 12747. A7, 0.3? 13347, i
TOTAL SYSTEM FAINT 103554, 1593008, 111013, 1444413, 116210, 1741932, i
2004 2008
LABOR CATECONY MOURS RANPOUER cost HOURS cost HOURS BANPOUER cnsT
CORZECTIVE nAINT W27,  407.44 1442475, 022, 1442475, 8927,  407.46 1442475,
PREVEXTIVE AAlNT 4%, 3.0t 132813, 04vs, 132515, [TI7 33.01 132815,
CALL-DACK AAINT 0 0.00 0. Q. . [ 0.00
TOTAL SITE natu? 107423,  442.49 1574990, 102423, 1574990, 107423, 442.48
ISE LEVEL KLPALR 12791, 7.23 12!1S. 12791, 222813. 12791, 2.23
LEPOT LEVEL PEPALR 673, 0.38 13987, 673, - 13882, 473, 0.38 13897,
10TAL SYSTEN PAINT 120087, 1813492, 120887, 18134692, 120087, 1811492,
2000 . TOTALS
LADOR CATEGOKY HoURs RANPOUER cosY NOURS RANPOUER cost
CORRECTIVL mAlNT 20927,  407.46 1442473, 1441844, - S941.47 21023714,
PREVENTIVE AAINT savs. 3%.01 132213, 1234%.  200.73 1902,
CALL=DACK PAINT 0. ©.00 Q. 0. .00 0. B
T0TAL 8518 MAINT 107423, 442.48 1574990, 1545342, 6430.58 23023172,
PASE LEVEL REPALIR 12m. 7.23 222813, 185920, T 16 3238723,
POT LEVEL AEPALR 73, 0.38 13007, 263, $.33 2018%4.
IOTAL SYSTER MAINT 120807, 1011472, 1761046, 20443782,
c-3
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G & SYSTEN TYPL! GCHLS (380) 0
33 CURULATIVE MAINTENANCE HOUKS ARD LADOK COSTS
- §
A ) 1986 1997 b
a8 S
3 LALOK CAYEOOKY HOURS  MANPOWER  CUST HOUKS  MANPOWER  COST KOURS  MANFOUER  COST 3
CORKECTIVE HAINT 0. 0.00 0. 0. 0.00 0. 10084, ?7.82 273352, %
E: PREVENTIVE RAINT 0. 0.00 0, 0. 0.00 0. 15%. 6.28 31910, %
i CAMLL-BACK MAIHT 0. 0.00 o, 0. 0.00 0. 9 0.00 0. 4
TOTAL SITE MAINT B 0.00 0. 0. 0.00 0. 20483 . 84,40 307242, A
PASE LEVEL REFAIR 0. 0.00 0. 0. 0.00 0. 2403, 1.36 ass. 3
$LAOT LEVEL KIFALR 0. 0.00 0. Q. 0.00 0. 126, 0.07 2409, N 3
TOTAL SYSTEN nAINY N 0. 0, 0 23011, 331745, P X
1799 1909 19%0 ¥
N LADOR CATEOOKY HOURS  MANPOUER  COS) HOURS MANF QUER cost HOURS  MANPOUER  COST ‘ %
2 COKKECTIVE matnt 40764, 187,98 594390, 65636, 270.48 957029, 93499,  383.30 1343331, s
"} PREVENTIVE MAINT 3450, 14.22 47546 %%40, 22,9 106948, 7927, 32.87 120117, 3
L4 CALL-BACK MAINT 'N 0.00 0. 0. 0.00 0. 0. 0.00 0. b
s 10TAL $ITE HAINT 44214, 192,20 663956, 21196, 293,39 1044022, 101426, 417,94 1513447, %
T PASE LEVEL REPAIR s394, 2.94 20473, 0371, 4.73 142816, 6.7 207894, £
s DEPOT LEVEL KEPALK 273, 0.13 5639, e, 0.23 v080, 0436 1297, Ej
: T0TAL SYSTEM MAINT AP48s. 728048, 80007, 1218931, 1734300, L
£
= 1993 1992 . 1993 5
43 %
3 LADOR CATEOORY HOUNS  MANPOWER  COST HOURS  MANFOUER  COST HOURS  MANFOWER  COST &
B CCLAECTIVE NAINT 1243%0. S12.43 1813179, 158401, 432,75 2309689, 197570, Bid 16 2800314, Z
53 PREVENTIVE MALNT 10551, 43.48 197010, 134%1. %5.43 247718, 16790, 49.19 305247, b
e . CALL-BACK MAINT 0. 0.00 0. 0. 0.00 B 0. 0. 0.00 0. %
4 TOTAL SITE HASNLT 134901,  S5%.%1 2010189, 171832,  709.10 2557607, 214360, 9983.35 3194061, 3
3 PASE LEVEL KEFAIR 13883, s.98 274714, 20249, 11,43 372750, 25272, 14,30 440334, e
o DEPOT LEVEL REPAIR 034, 0.47 17244, 1066 0.40 21985, 1330. 0.75 27444, &
. TOTAL SYBTEN MAINT 151622, . 2304149, 193167, 2932342, 240968, 3433840,
1994 1993 1996
s LADOR CATEGOKY HOURS  MANFOWER  COST HOURS  MANFOUER  COST HOURS  MANFOWER  COST
E CORRECTIVE naint 242043, 997.%92 3529609, 291671, 1201.94 4252929, 346811, 1429.17  %034944.
S PREVENTIVE RAINT 20289, 84.84 349243, 24828,  102.31 439703, 29344, 121,75 s17101.
= CALL-PACK HAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
e T0TAL SI1TE RAINT 262¢%4.  1092.36  3BYEEIA. 316499, 1304.2% 4492633, 376335, 1350.91 $574045.
< BASE LEVEL KEFAIR 30996 17.53 339923, 32377, 21.14 1120, 44477, 25.16 774799,
B DEPOT LEVEL REPAIR 1631, 0.92 33452, 1947. 1.2 40381, 2341, 1.32 48289,
) TOTAL SYSTEM HAINT 299201, 4472479, 332843, $384333. 423173, 4397133,
E 1992 : 1990 1999
E: LAROR CATEGORY HOURS MANPOWER  COST HOURS  NANPOUER  COST HOURS  MANFOUER  COST
- CORKEC) IVE MAINT 407404, 1679.19  SYAL22. 472197, 19435.87 4893228, S4g164. 2230.07  78¥0048.
R PREVENTIVE NAINT 34737, 14319 401434 40278, 14%.98 490071, 46187,  1%0.33 782480,
b CALL-BACK BAINT Qe 0.0G 0. (- 0.00 0. 0. 0.00 0.
£ T0TAL SITE nAlNT 42220, 1922.34 6243077, 12476, 2111.85 7576120, 87331, 2420.40 0676228,
& PASL LEVEL KEPALK 22295, 2 210990, 40438, 34.30 1055325, 49233, 39.33 1211293,
s M.POT LEVEL KEPAIR 3732, 1.54 6777, N, 1.0 42035, 3440. 2.07 73493,
K. TOTAL SYSTEN HAINT 497249, 7510844, 574303, 1499279, 460344, 9943304, -
k. 2000 2001 2002
LADOR CATEOOKY HOURS . MANPOUER  COST HOURE  MANPOUER  COST HOUxS  MANPOWER  COST
CORRECTIVE RAINT 614170, 2%30.92  8933347. 491832, 28931.04 10088072, 77378%. 3100.47 1128251,
PREVENTIVE RAINT 2648, 114.12 [T $9103.  243.57 291310, 46133, 270.53 1102420,
CALL~DACK MAINT 0. 0.00 0. 0. 0.00 0. o 0.00 - 0.
T0TAL S1TK NAIWT 466618, 2747.04 7840720, 750950,  3094.41 11079384, 839918, 3461.20 12385173,
PASE LEVEL ACFALK 78934, 44,66 1373300, ss9s2. %0.33 1250079, 79542, S6.31 1734394,
EPOT LEVEL HEPAIR a1gs. 2.33 2720, 4403, 2,45 26408, %340, 2.9 108095,
T0TAL STSTEN RAINT 749724, 11302027, 844423, 12726049, 244721, 14227641,
3 2003 2004 2008
3 LABOR CATEGORY WOURS  MANPOUER  COST HOURS  MANPOWER cost HOURS MANPOUER  CPST g
z CORRECTIVE FAINT 860°80. 3%44.70 12742401, 951035, 3919.10 13847282, 1046139, 4311.01 15294014,
8 PREVENTIV " HAINT 73347, 303.08 1219148, 81346,  33%.22 1341496, 89511,  348.87 1469195,
E: CALL-PACA NAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
3 TOTAL SITE NAINT 933726, 3842.27 13741642, 1032381, 4254.32 15208780, 113%651. 4479.88 16723213,
3 PASE LEVEL REPAIR 110723, 62.43 1928814, 122444, 49.22 2133343, 134757, 76,22 234249,
b DEPDT LEVEL REPAIR 2828. 3.30 120212, 644z, 3.43 132959, 7092, 4.01 144304
b TOTS* SYSTEM MAINT 1020277, 13810649, 1162290, 17473082, 1277300, 19217014,
2006 2007 2000 | =
LADOK CATEGORY KOUKS  MANPOUEK  COST HOURS  WANPOUER  COST HOURS  MANPOUER  COST
COLRECTIVE AAINT 1143066, 4718.40 1469649, 1243993, 2126.34 18130944, 1342919, 2334.01 19381440,
PREVENTIVE naINT 98007, 403.08 1401710, 104303,  430.89 1734225, 134999, 473,90 1844740,
CALL-JACK MAINT 0, 0.00 0. 0. 0.00 0. 9. 0.00 0.
10TAL SITE AAINT 1243073, S122.3% 10298202, 1330494,  3%45.23 19¢73192, 1437919, 4007.91  21440182.
BASC LEVEL FEPAIR 147248, 83.45 2370311, 140338, 90.49 2293129, 173129, 2.92  301%940.
2 PEPOT LEVEL HEPALK 2746 4.3 160193, 9439, 77 174080, 112, ERH 187947,
S TOTAL SYSTEN MAINT 1398387, 21029706. 1519273, 22040390, 1640140, 24432090,
- LASOR CATEGONY HOURS cost :
2 CORRECTIVE MalN? 16441844, 21023914,
; PREVENTIVE NAINT 123496, 1999233,
B CALL=DACK NAINT 0. 0.
3 TOTAL SITE MAINT 1343342, 23023172,
2 S89E LEVIL RIPAIR 183920, 3238758,
e EPOT LEVEL REPATK 98%, 2010%4
? TOTAL SYSTEN NAINT 1261046, 26443702,
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SYSTENI SCLS (100)

NATIONAL AIR SPACK
LISCOUNT FACTOR:0.00

CO8Y CATEOORY
st
SHIIPING

TN NTORY HOT
SUPPORT ROUIP

FACILLITILS
ANMUAL TOTAL

COST CATEOORY
sPants

_ SHIPPING

INVENTORY NOT
SUPFORT £OUtP
TRAINING

DATA MANAGEMENT
FACILIYIES
ANNUAL TOTAL

COST CATCOORY
SPAKES

SHIFPING
INVEHTOKRY nGT
SUPPFORT COVIP

FACILITICS
AUAL TOTAL

COST CATELGORY
Sarts
SHIPPING
INVENTORY NOT
SUPPORT EOULP
TRAININD

DATA HANAGENENT
FACILITIES
ANNUAL TOTAL

COST CATCOORY
SPARES
SHIFPING

VATA MANAGENENT
FACILITIES
ANNUAL T0TAL

1998

2003
184948,
18290,

Q.
27330,
.

0.
232788.

NONRECURRING 1 0018T3IC SUPPORT COSTS

1984

1987
4774020,
79843,
34000,
190000,
127450,
15720000,

0.
20929234,

1992
1037602,
13719,
Q.
Qs

21730,

1988
109451 .
12003,
Q.

Q.
18920,

Q.
141104,

1993
144004,
23949,

0.
24100,
[
O
120092,
2003
189322,
19209,
0.
[ 3
33200,
0.
Qe
2397222,

2004
270928,
19203.

0
29000,
0.

°0
317133,

TOTAL
7674178,
423420,
34000,
190000,
459930,
15720000,

o,
247203842,
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SYSTEAS SCALS (100)
USEk! NATIONAL AIR SPACE
DIGCOUNT FACTORIOD.00 A
RECURRING LOOISTIC SUPPORT COSTS L2
COST CATEOORY 1993 1904 1992 1938 1989 H .V?j
tPanES 0. 0. 208589 $21200. 539916, [
ON-B1T€ KAINT 0. [N 344474, 400208, 431C%. . »:.i
OFF-$1TE MAINT 0. 0. 183028, 213407, 24291, i Rl
INVENTORY HOT 0. 0 4500, 4800, 4300, ! ‘-:ﬁ
SUPPORT COUIP 0. O 147, 174, 19%. ' !
THAINING 0. [ 12745, 14630, 16490, E:
DATA MANAGENENT 0. Ve 312000, 312000, 312000,
FACILITIES 0. 0. 70000, 76000, 78000, . ‘ &
S1TE OPERATION 0. 0. 3721, 42345, 231010, E:
ANNUAL TOTAL 0. [N 1500024, 3604881, 17191827, é
A
COST CATLOORY 1990 1991 1992 1993 1994 oy
SPASES 743113, 781007, 780413, 9046353, 930310, §
ON-S1TE MAINT 2307534, 611985, 618621, 710472, 804079, i
OFF~331E MAINT 372272, 302153, T 333848, 384239, 437303, 5
THVENTCRY HOT 4300, 4%00. 4300, 4%00. 4300, §
SUFFORY EQUIP 219, 242, 248. 308. 351 bt
TRAINING 18783, 20470, 22848, 26180, 29800, 5
DATA MANAQENENT 312000, 312000, 312000, 332000, 312000, é
FACILITILS 78000, 78000, 78000, 78000. 78000, P
$11€ OPERATION 79493, 00300, 754" . 132, Sl. 127018, ffl
ANNUAL TOTAL 2014420, 2128028, 224022, 2533054 2734349, ;"é
COST CATEGORY 1993 1V% . 1997 1999 1999 %
SPAKES 244223, 1185192." 1215130, 1334502, 1343683,
ON-SITL MALINY 497840, 297230, 1094564« 1149140, 1243518,
OFF-817E HAINT 400074, 843031, 297948, 438114, 480374,
SHVENTORY nOT 4500, 4%00. 4%00. 4500, 4300,
SUPPORT KOULP 391, 433, 479, %12, 46,
TRAINING 33070, 34913, 40340, 43150, 46125,
DATH HAHAGEMENT 312000 312000 312000, 312000, 312000,
FACILITIES 79000, 78000 78000 76000, 78000,
$17¢ ortnnou 142038, 150692, 174742, 186479, 190027,
ANNUAL TO0TAL 2922776. 331597, 3219931, 3766397, 3929574,
COST CATEOORY 2000 2001 2002 2003 2004
SPARES 1307003, 1292238, 1621603, 1425339, 1024303,
ON-S1TE MAINT 1310044, 1402020, 1470389, 1350533, 14638666,
OFF-S11L PAINT 720520, 767005, 809264, 823436, $98009. ,
INVENTORY NOT 4200, 4%00. 4%00. 4500, 4300, i
SUSPORT tOVLP 578 3. 449, 495, 720,
TRAININD 49733, 51700, 54235, 57655, 40559,
DATA PANAGENENT 312000, 312Q00. 312000, 312000, 312000
FACILITIES 70000, 70000, 78000, 79000, 70000,
$17C OPERATION 210341, 224143, 236493 249442, 202429,
AHNUAL TOTAL 4079941, 4437631, 4593413, 4270010, 3081241,
COST CATEOORY 200% . 2006 2007 2009 2009 10TAL - 3
SPARCS 18494629, 1929976, 1959974, 1959974, 1929976, 29240140, 2
ONe$I1E NALNY 1714973, 1703642 1783842, 1703642, 1703042, 26054062,
OFF-817C MAINT 940248, 228301 . 970301, ¥78301. 278301, 34220230.
INVENTORY NOY 4%00. 4200, 4500, 4%00. 4500, 103200,
SUPPDRT EQUIP 7%4. 704, 704, 764, 784, 11403,
TRAINING 43310, 42993, 4299S. 42995, <995, 942005,
DATA MANAGENENT 312000, 312000, 312000, 312000. 312000, 7176000,
rac1L1TIES 78000, 72000, 70000, 70000. 79000, 1794000,
S1TE OPEAATION 274279, 285893, 205893, 292093, 285893, 43125441,
ANMUAL TOTAL 9230213, 3449092, 5449092, 3449092, $447092. 84019000,
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SYSIENS SCMs (180 %
UstRs NATTONAL AIR SPACE 3
DISCOUNT $ACION:0,00 i
SYSTEM COBT! ¢ 104841.00 R
TOTAL L1FE CYCLE COSTS KY YEAR )
@
€OCT CATCODRY 190 1904 1902 1980 1r0? | 4
ACOUISETI0N 16263601, 2665407, 20635407, 26463407, 2662407, IS
M INSTALLATION 0. 0. 14812100, 2706200, 2706200, H
NOWKECURRIND 0. 0. 20929234, 141104, 74499, %
NECUNRIND 0. 0. 1500024, 1606881, 1219177, 2
T0TAL LOGISTIC Q. 0. 224292%0, 1747983, 1793507, i
TOTAL PROORAN 16543601, 2463407, 41911748, 7139592, 7163294, ¥
. ¥
A
COST CATEGORY 150y 1991 1992 1993 1994 Z
ACOUTSITION 2,52793, A%69270. 47295%4. 4249270, 4950042, 3
INSTALLATION WL, 2706200, 2899200, 4639200, 483200, ]
NONRECURS ING 145636, 160233, 141050, 200102, 202430, 5
RECURRING 2016420, 231280%8. 2240257, 2333094, 2734549, -
T0TAL LOSISTIC 214820%4. 2208793, 2389207, 2233126, 2938779, P
TOTAL FROGRAM 7724049, 2264288, 100408662, 119412626, 12719320, 3
'
COST CATEGORY 1995 1994 1997 1998 1999
ACOUISITION 4955042, 3617328, 3607723, 3417338, 4188497, E
‘ INSTALLATION 4437200, 9029800, 2023600, 3672200, 3866000, £
NONRCCURKING 192939, 282401, 201636, 179091, 185474, by
RECUKKING 2922774 3312996, 3319v31, 3766392, 3929574, 7
TOTAL LOGISTIC 3112716, 3598477, 3741287, 3944488, 4112048,
TOTAL FROGRAM 12204957, 12241634, 12275112, 11234328, 12169543,
e
COST CATCCORY 2000 2001 2002 2003 2004 3
ACOUISITION 3807729, 3998111, 3990111, 3907722, 3124992, e
INSTALLATION 3472200, 4222600, 3866000, 4059300, 4059300, 3
NONKECURRING 184087, 190499, 180427, 239777, 319133,
. RECURKING 4079961, 4437631, 4292413, 4770010, 081261, 2
10TaL LOGISTIC 4264030, 4410130, 4772913, 2009787, 400394, 4
H 10TAL PRODRAN 11744474, 12848840, 12640023, 12876817, 12886646, %
€037 CATEGURY 2005 2006 2007 " 2008 2009 TavAL 3
ACOUISTTION o, 0. 0. o. o. 96149332, k)
s INSTALLATION 3044000, 3479400, 0. 0. 0. 99497912, R
. MONKECUKRING 232768, 3091%6. 0. 0. o. 24703548, ’ {
PECUMKING 238212, 449092, 2467092, 469092, 459092, 84019800, %
' 70TAL LOGISTIC 471001, 2778249, 469092, 5369092 469092, 10872333¢. ¥
. 101AL PKOGRAM 9337001, 9237649, 5469092, 2469092, 449092, 284370080, 3
CUNULATIVE LIFE CYCLE COS1S BY YLAR 5
! COST CATEQORY 1903 1988 1987 1980 19989 E
' ACTUISTTION 16563601, 19229008, 21994414, 24559004, 27225232, P
. INSTALLATION 0. 0. 14817100, 19323300, 2222v%00. 2
' MNONRECURKING 0. 0. 20929234, 21070330, 21144838, 3
RECURKLNG 0. 0. 1500024, 1104902, 402502, 4
. T0TAL LOOISTIC 0. 0. 22429224, 24177242, 23970920, k
TOTAL PROGRAN 16243601, 19229008, 61140274, 40260348, 79475664, b
3
COST CATLOORY 1990 1v91 1992 1993 1994 :
ACOUISITION *30001026. 34420294 394097°2, 43979220, 40929260,
: INSTALLATION 24933700, 27441900, 302414060, 35180400. 40013100,
: NONRECURREHO 21290474, 214%12080. 231292478, 21792%60. 21994990,
t RECURKING 4842912, 8970549, 131210824, 13731080, 16484229,
T0TAL LOGISTIC 28132924, 30421276, 32011292, 35544434, 30481216,
. TOTAL PROORAM 03149712, 22713926, 10276